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The role played toy viruses and radiation in the etiology of cancer
is  revleifod, The isolation and properties of one tumour causing virus.
polyoma virus^ are descritoed,
I'Jhen Bïffil CI3 ce lls  i?ere irradiated \rltli low doses of ultraviolet
light before infection with polyoma virus an enliancomont of the trails-
formation rate was otoserved* A two- f^old rise in the proposition of
transforîTïcd oolonios to normal colonies was found after a radiation
Pdose of 100 ergs/mm"# This irradiation dose was sufficient to lower 
the plating efficiency of the cells  toy approximately 4 0^ ,
A method was developed toy which the rise in the proposition of 
transfoxTOcl cells  could toe more adetuately observed, %ls method 
involved the delayed plating of irradiated^ infected cells in agar 
suspension medium.
I CI3 c e lls  which were ir ra d ia te d  up to  2h hours before 
in fec tio n  with polyoma v iru s  did mob ehow loss o f the transfom iation 
enhancement. Ho enhmicement was ohservedj» however^ vIiqu the  c e lls  
were irra d ia te d  four o r more hours a f te r  in fec tio n , The ir ra d ia tio n  
doses used did not o igraifieautly  a f fe c t  the transform ing a b i l i ty  of 
the  v irus p a r t lc le e .
The reBi;dt8 obtained when experiments were performed to  te a t  the 
e f fe c t o f u l t ra v io le t  rad ia tio n  on the in to r’foron syntheaising capacity 
of the c e lls  auggeated th a t  reduced synthesis o f in te rfe ro n  was not 
the  mechanism by which transform ation enhancement occurred.
Survival curves were determined fo r  BliES^ l 015 c e lls  and lin e s  
of polyoma v iru s transformed BIIK31 015 c e l l s ,  The curves obtained 
were of the normal form. The transformed c e lls  were found to  be 
more re s is ta n t  to  u l t ra v io le t  i r ra d ia tio n  than the  imtransformed c e l ls .  
All c e ll  lin e s  te s te d  showed a g rea te r re sis tan ce  to  u l tra v io le t  
ir ra d ia tio n  when p la ted  out fo r  colony formation in  the presence of 
mome embryo feeder c e l l s , Cycloheximidejf an in h ib ito r  o f p ro te in  
synthesis^ did not s ig n if ic a n tly  a f fe c t the  surv ival curves.
Photoreactivation o f u l tra v io le t  rad ia tion  induced damage could 
not be demonstrated in  BBK21 013 c e lls  * Bepalr o f u l tra v io le t  
rad ia tio n  induced aub lethal damage in  BHI^l C13 c e lls  wdB demonstrated 
by a  s p l i t  dose tcehnicjue^ although the  expression o f th is  re p a ir  was
not observed u n ti l  8 howe a f te r  the i n i t i a l  i r r a t ia t to iu
Transformation o f BHKSX 015 colXe by u ltra v io le t  ir ra d ia tio n  
alone could not be demonstrated*
The results are  d is  cussed w ith regard to  a possib le meohaniom 
for the observed enhancement o f transformation ^
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C H A P T E R  I
INTRODUCTION
1.
Tho in te rac tio n  of a m am m alian  ce ll with its  environm ent ia a 
highly com plex and finely  balanced  phenom enon. If the balance ia 
d is tu rb ed  then  the ce ll m ay becom e em ancipated  fro m  the mechanism© 
which con tro l n o rm al c e lls . This can p e rm it the u n re s tra in e d  
d iv ision  and m ovem ent of ce lls  which, in  varying d eg rees , a re  
c h a ra c te r is t ic  of the can cer ce ll.
A v a r ie ty  of agen ts a re  known to  be able to induce neop lasm s in 
m u ltico llu la r o rg an ism s. T hese agen ts include chem ica ls , horm ones, 
physica l ir r i ta t io n  of t is su e s , p a ra s ite s , rad ia tion  and v iru se s . The 
p re se n t study is  concerned  with the two la t te r  cau ses  and in p a r tic u la r  
w ith the  carcinogen ic effect re su ltin g  fro m  the  com bination of the two 
agen ts.
The V irus Theory of C ancer
Tum our v iru s e s  w ore d isco v ered  eoon a f te r  the tu rn  of the 
cen tu ry  when B lle rm ann  and Bang (1908) succeeded  in  tran sm ittin g  
the ex^ythro-m yeloblastic fo rm  of chicken leukaem ia by ce ll f re e  
f i l t ra te s . Roua (19H ) re p o rted  the  tran sm iss io n , by ce ll f re e  
f i l t ra te s , of the f i r s t  so lid  tum our, a  chicken sa rco m a . F o r  a  
long p erio d  th e re  w ere  no fu r th e r  re p o r ts  of tum ours which could
2 .
be tra n e m itte d  by cell' f re e  m a te r ia l  but in 19S2 Shepe succeeded  in 
tran am ittm g  the ra b b it fib ro m a and sh o rtly  th e re a f te r  (1933) the  
ra b b it pap illom a by ce ll free m a te r ia l .  'M 1936 B ittn e r re p o rte d  
ce ll free tran a m isa io n  of the  mouse mammary cancer agent.
The next landm ark  in  the h is to ry  of tum our v iro logy  o c c u rre d  
when G ross (1951) re p o rte d  th a t f il te re d  e x tra c ts  of leukaem ic t is s u e s  
from  Ak. m ice  would cause  leuicaem ia in m ice  of o ther s tra in s . This 
tra n sm is s io n  w as only su ccessfu l if  new -born  m ice  w ere  inoculated . 
T his re p o r t  was the start of a  su rg e  of w ork on v ira l  oncology which 
1ms resulted  in  the discovery of m any new tumour v iru s e s .
M ore recent w ork has shown th a t c e r ta in  v iru s e s , for exam ple, 
ad enov iru ses w hich n o rm a lly  infect m an, can induce can cer in 
an im als  (T ren tin , Yabe and T ay lo r, 1962; H uebner, Rowe and 
Lane, 1962; G ira rd i, H illem an  and Zwickey, 1964). Sehm idt- 
Ruppin (1964) showed tha t c e r ta in  s tra in s  of Rous sa rc o m a  v iru s  
could induce tum o u rs  in  adult h a m s te rs . T hese resu lts  suggest 
th a t the ac tion  of tum our v iru s e s  is  fa r  fro m  sp ec ie s  spec ific .
The genetic m a te r ia l  of v iru se s  i s  known to  be e ith e r  
Deoxyribonucleic Acid (DMA) or Ribonucleic A cid (ENA), but not
3,
both. Yi'TOsee contaim ng e ith e r  type oi nucle ic  ac id  can cause  
tum ours although it  would ap p ear that two m echan ism s a re  involved. 
T here  i© v ira l  rep lica tio n  accom panying tran sfo rm a tio n  in  the ca se  
of the ENA tum our v iru s e s , w hereas BNA tum our v iru se s  e ith e r 
re p lic a te  in the in fected  ca ll o r  produce am abo rtive  infection which 
m ay lead  to  tran sfo rm a tio n .
It has been e s tim a ted  that the DMA of a  m am m alian  ce ll coujld 
c a r ry  enough in fo rm ation  fo r the  syn thesis  of up to  a  m illion  proteins 
if th re e  DNA b ase s  code fo r each am ino ac id  of a  p ro te in  (C rick, 
B arne tt, B renner and Watts**ToMn, 1961). The a lte ra tio n  of a  
n o rm a l to a  n eop lastic  ce ll m ay re q u ire  the a lte ra tio n  of only one, 
o r  of m any, of th ese  p ro te in s .
The understanditJg o£ the inform ation  in  the  v ir a l  genome and 
how th is  in form ation  is  involved in  the tran sfo rm a tio n  of the n eo p lastic  
c e ll  m ay w ell be the key  which w ill u ltim ate ly  unlock the problem© 
involved in neoplaaia .
The R adiation T heory  o£ C ancer
The Induction of neop lasm s by ionizing rad ia tio n  w as noted 
acciden ta lly  soon a f te r  the d iscovery  of X -raya  and rad ioac tive
4 ,
substances and the  c lin ica l obeei’vatioBB w ere soon v e rif ie d  by 
experim en ta l stud ies In an im als . The f i r s t  can ce r a r is in g  in  ra d io - 
Xogietp was d e sc rib ed  by F rie b e n  in  1902), The observa tions in m an  
w ere  v e rif ied  by M arie , C lunet and R aulot#Lapointe (1910» 1912) and 
C lunet (1910)* T hese w o rk e rs  showed that earcom ao could be 
produced  in ra ta  by rep ea ted  ad m in is tra tio n s  of X -rad ia tion ,
E xtensive stud ios since these  ea rly  re p o rts  have suggested  two 
m ain  steps in carcinogenosiB  by ionizing rad ia tio n  which m ay w ork 
together o r independently. F irs tly , doses of ionizing rad ia tio n  can 
cause  considerab le  changes in  a  cellos environm ent which m ay be 
loca l o r Bytemic and, secondly, ionizing rad ia tio n  can cause 
in h eritab le  m utationo to occur in individual c e lls . E ith e r o r both 
of these  effects could load to the  production  of a  neop lasm .
An exam ple of a  change in  a  ce lF o  environm ent can be seen  
in  the w ork of F u rth  (1961) who re%)orted tha t su sta ined  In te rfe ren ce  
ox thyx'aid horm one production  by rad ia tio n  dam age caused  a 
continuous in c re a se  in  production  of the th y ro id -s tim u la tin g  
horm one which gave r i s e  to  adenom as and la te r  ca rc in o m as of the 
thyro id . The effect of ionizing rad ia tio n  on sing le  ce llshaa  been
re p o rte d  by B orek and Sachs (1966) who tran sfo rm ed  n o rm al h a m ste r  
cell© in tis su e  cu ltu re  v/ith ]C#radiation. Of rnqre  m te re s t  in  the  
c u rre n t study is  earc inogenesia  by u ltrav io le t rad ia tio n . The f i r s t  
observa tion  th a t u ltrav io le t light, in  the fo rm  of sunlight, m ight be 
a sso c ia te d  with skin can cer was m ade by Usma in  1894. FkKllay 
(1928) found tha t m e rc u ry  a rc  rad ia tio n  would induce skin  cancer© 
in  m ica and ra ts  and hio re su lts  w ere  confirm ed by P u tochar and 
H oltz (1930) and H erlitz , Jm d e ll  and ‘Wuhlgren (1931). In 1936, 
Funding, Henrique© and Rokling found th a t only w avelengths below 
3g EÛO-S w ere cax'clnogemc by using sp ec tra lly  ca lib ra ted  f i l te r s  and 
la rg e  num bers of m ice . It is  of in te re s t  tha t both nucle ic  ac ids and 
unconjugated p ro te in s  ab so rb  only w avelengths below S, ZOOjS and that 
the m ain  erytîie:mal action  a lso  o cc u rs  below th is  w avelength.
G rady, B lum  and K irby#Sraith (1943) found th a t rep ea ted  doses 
of u lti’av io le t ligh t fro m  an in te rm ed ia te  p re s s u re  m e rc u ry  lam p 
produced predom inan tly  d e rm a l tum ours In albino m ice  but tha t 
rep ea ted  doses of rad ia tio n  fro m  a  low p re s s u re  sou rce  produced 
predom inantly  ep id erm al tum ours (Blum and Lippincotfc, 194*2;
K elner and Taft, 1956), T hese re su lts  w ere explained on the b a s is
6 .
th a t the chance of inducing can cer in  a given tis su e  was re la te d  to the 
am ount of u ltrav io le t rad ia tion  abso rbed  th e re .
Blum (1950, 1959) has ohown tha t the m agnitude of the u ltrav io le t 
dose and the in te rv a l between doeo© affect tîie ra té  of tum our develop­
m ent in m ice. The tim e re q u ired  to produce tum ours is  in v e rse ly  
re la te d  to the sq u are  roo t of the dose and d irec tly  re la te d  to the 
square  roo t of the in te rv a l betw een doses. The result©  c lea rly  
ind icate  a cum ulative c h a ra c te r  in  carc inogenesis  by u ltrav io le t 
light.
Although u ltrav io le t acad rad ia tio n s a re  both carcinogens they 
e x e rt th e ir  b io logical effects  by fundam entally d ifferen t m echan ism s. 
Due to the high energy of the X -ra y  quantum, the p assag e  of X -ray s  
through a, ce ll leaves a  tra c k  of ion ised  m olecules w hereas the 
u ltrav io le t quantum  is  only of the  sam e o rd e r  of m agnitude as  the 
energy  of a  chem ica l bond and its  energy is  abso rbed  in the 
excitation  of individual m olecu les (Lea, 1946; Blum, 1959).
S ynerg istic  effects in  carcinogenoBis
ïn recen t y e a rs  m any w o rk e rs  have been concerned  with the 
p ossib ility  that jo in t ac tions betw een d ifferen t carcinogen ic agents
7.
m ay be resp o n sib le  fox’ the fox’m ation  of som e tumoux"*©. It would 
appear that v iru se s , chem icals and  radicition can a ll in te ra c t with 
one another and in  m o st oases produce m ore tumoux'’© than any of the 
agents alone,
Kaplan (196?) hE.is shown that rnice of s tra in  05? BL and o ther 
s tra in s  which show a  low ra te  of spon taneousleu lcaexm a norm ally  
hatrbomr a la ten t lauksiemogenic v iru s  which is  ac tiva ted  when the 
an im ais a re  exposed to ap p ro p ria te  doses of irra d ia tio n  o r to 
ce rta in  chem ical agen ts. S toker (1963a, 1964a) has found a two to  
th re e  fold enhancem ent of the tran sfo rm atio n  ra te  am ongst the 
surviving ce lls  a f te r  a  dose of X#z*adiation given irrnxxediately 
pxdor to infection of the ce lls  with polyom a v iru s . Pollock and 
Todaro (1968) have ehown that 3T3 and hum an diploid fib ro b last 
ce lls  also  show an enhanced tranafo rxm tion  ra te  if they a re  exposed 
to rad ia tio n  p r io r  to  infection with Sim ian V irus (SV) 40.
S hellabarger (196?) found tha t when fem ale r a ts  w ere  exposed 
to X -ray s  and S#.methylchola;athrene m o re  m am m ary  adenoearcinoxnas 
o cc u rred  than when e ith e r tre a tm e n t was given alone. She suggested  
tlxat the effects of 3-m ethylcholanthx’ene and X -ray s  w ere additive.
a.
Ep-atein and E patelu  (1,962) bmû E pste in  (1965) have c le a rly  
dem o n stra ted  th a t u ltra v io le t ligh t carcm ogenaaia  waa significantly  
a c c e le ra te d  by p r io r  app lication  ol a  patent chem ica l carcinogen .
The la ten t period  waa shortened , the tirm ours grew  fa s te r , and a  
la rg e r  num ber of tum oure p e r m ouse w ere  produced. The type o i 
tum our grow th and  the inciéencQ  of tum@ ur#bearmg m ice  w ere, 
however., not a lte re d  by chem ica l carcinogen  in itia tion ,
licma and Kidd (19BB) w ere  am ong the f i r s t  w o rk e rs  to suggest 
th a t a sy n e rg is tic  reep an ae  could o ccu r betw een tum our v iru s e s  
and chem ical ca rc inogens. They found such a  re sp o n se  o c c u rre d  
w ith Shope papillom a v iru s  and ta r  im ra b b its . M ore recen tly  
Rawaon, Roe, B all and Salam an (1961) re p o rted  th a t when new -born  
m ice  w ore m oculated  w ith polyom a v iru s  and  la te r  tre a te d  with 
9 ,10  - d im ethyl - 1 , 2 -  benzan thracene o r with cro ton  oil, they 
developed sign ifican tly  m o re  polyom a-type tum ours than  m ice  
th a t rece iv ed  only the v iru s .
It a lso  ap p ea rs  th a t v iru se s  v/Meh. a r e  not known to be oncogenic 
by them selves  can in c re a se  the incidence of chem ically  induced 
tu m o u rs , D uran-R eynals and Stanley (1961) re p o rte d  th a t m o re
9.
c o r # 80X10 t re a te d  m ica  inoculated  with vaccin ia  v iru s  and tre a te d  
top ically  with m othyIcholanthrciia developed skin tum ours tJaan 
iden tically  tre a te d  m ice  th a t w ere  vaccirila im m une. S im ila rly  
M artM , 'MagnuBsou, G oscieudki and H ansen (1961) found an  , 
in c re a se d  incidence of lym phom a and xnyeloid leukaem ia in polyom a 
vl%'u$ fre e  wocmling m ice  in jec ted  with em ail amount© of a 
carcinogen ic  hydrocax^boxx o r  am ine together with vaccinia,, polio 
2, G oxsackie B . o r  Écho 9 v iru se s .
It :l© unW xBlj, how ever, th a t a ll  the known carcm ogcn ic  agents 
a c t by the sam e m echan ism  o r  th a t a ll  neoplasniu  a re  caused  by 
v iru se s  which m ay be la ten t xmtil ac tiva ted  by eom a otJaer agent*
F o r  exam ple axxy one c li^uncal agent can give r is e  to a wide range 
of tum our an tigens in tra n s fo rm e d  ce lls  (Foley, 1955; Klein,
Sjogren, K lein and H ella trom , I960) w hereas a p a r tic u la r  tum our v iru s  
w ill give r i s e  to  only one tm nour specific  an tigen  (Habel, 1961;
K lein and K lein, 1962). B lum  (1963) has w orked out the dose 
re sp o n se  re la tio n sh ip s  fo r ca rc in o g en esis  by v iru se s , chem ica ls 
and u ltrav io le t light and th ese  ind ica te  that a  d iffe ren t m echan ism  
is  resp o n sib le  fo r ca rc in o g en esis  with each of the th roe  types of 
agent*
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Polyom a V irus
hi the p re se n t study the tum our producing v iru s , polyom a v iru s , 
has been used  and its  p ro p e rtie s  a re  d esc rib ed  below.
W hilst attem pting  to  grow  the G ross leukaem ia v iru s  in t is su e  
cu ltu re , S tew art, Eddy, Gochenour, B orghese and G rubbs (1957) 
iso la ted  a  contam inant v iru s  from, th e ir  v iru s  sam ple . T his v iru s , 
designated  polyom a v iru s , was iden tica l to tha t o rig ina lly  d esc rib ed  
by G ross (1953) aa tîie p a ro tid  tum our v irtis . It was soon %'ealised 
th a t th is  v iru s  could produce a  la rg e  v a rie ty  of tum ours in  new -born  
ro d en ts , o rig inating  in  both ep ith e lia l and connective t is s u e s  and 
appearing  in  m any d iffe ren t o rgans and t is su e s . Only th re e  y e a rs  
a f te r  the iso la tion  of polyom a v iru s , Vogt and Dulbecco (I960) and 
Sacha and M edina (1961) showed polyom a v iru s  could tra n s fo rm  
m ouse and h a m ste r  ce lls  in v itro . Polyom a v iru s  is  a  m em ber 
of the F ap o v a-v iru s  group which includes, am ongst o th e rs , the 
rab b it pap illom a v iru s , SV4Û v iru s  and hum an w art v iru s .
Polyom a v iru s  has a  d iam ete r of 47 mycA (C raw ford, C raw ford  
and W atson, 1962) and co n sis ts  of a  p ro te in  capsid  surrounding  a  
co re  of DMA, The fo rm  of the v iru se s  in the P apovavirus group
I I .
iB b as ica lly  ico sa h e d ra l with S -3-2 symmetry*. The p ro te in  capsid
probably  co n s is ts  of 72 cap eo m eres  (King and F inch, 1965; King,
1965; F inch  and lilug , 1965). The genom e io a  single m olecule
6of d o u b le -s tran d ed  DMA, with a  m o lecu la r w eight of 3. 0 x  10 claltons, 
which is  a r ra n g e d  in  a  su p e r co iled  c irc u la r  fo rm  (Vinograd, Lebow itz, 
Radloff, W atson and L aip is , 1965).
T ran sfo rm atio n  by polyom a v iru s
Follow ing the in  yitro^ d em onstra tion  of tran sfo rm a tio n  of m ouse 
and h a m s te r  c e lls  by polyom a v iru s. S toker and M acphersoai (1961) devel­
oped an a ssa y  sy s tem  fo r quan tita tive e s tim atio n s of the  num ber ox 
tra n s fo rm e d  c e lls  o ccu rrin g  when cu ltu re s  of h a m s te r  em bryo o r 
new -born  h a m s te r  ce lle  w ere  in fec ted  with polyom a v iru s . M th is  
technique c e lls  w ere  in fec ted  in  suspension  with polyom a v iru s  and 
then  p la ted  out a t  a  v e ry  low dilu tion so th a t individual c e lls  g rew  
to fo rm  co lon ies. T hese co lonies could then  be sco red  as  being n o rm a l 
o r tran sfo rm ed . T h is system , how ever, had se v e ra l d isadvan tages. 
T hese  cu ltu re s  contained a  m ixed  population of ce lls  w ith low plating  
efficiency and th e re  was a  v a r ia tio n  in tran sfo rm a tio n  ra te  in  cu ltu re s  
fro m  d iffe ren t h a m s te r  l i t te r s  (Stoker, 1962). This p rob lem  was
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reao lv ed  by the  iso la tio n  of a ©table line  of h a m ste r  fib rob laa te  
desigxiated BIEC 21 ce lle  (M acphereoa and S toker, 1962? S toker 
and  M acphereon, 1964). Those c e lls  w ere faolated from, a  cu ltu re  
of baby ham m ter k idney ce lle  which had  been i:a contmxioue cu ltu re  
fo r two .months. They w ere  corapooed of one m orpholog ical type of 
fib ro b la s t which g rew  ira o rien ta ted  i^arallel shee t 8 and ohowed a 
p lating  efficiency of 5-10% as  opposed to  approx im ately  1% fo r 
young baby h a m s te r  kidney cells* M ore than  98% of the  ce lls  
w ere  diploid (probably p s eudo - d ip lo id). The ra te  of c e ll d iv ision  
w as rap id  - during lo g arith m ic  grow th the d iv ision  tim e was 
appro3:im ately 12 hours,.
Polyom a v iru s  a c ts  in  two d iffe ren t ways depending on the h o st 
cell* In m ouse c e lls  the  v iru s  m u ltip lies  and m o st c e lls  a r e  killed* 
Some ce lls  su rv ive  and i t  is  am ong th e se  th a t the  tra n s fo rm e d  c a lls  
ap p ea r. When BHSC 21 c e lls  a r e  in fec ted  the v iru s  m u ltip lies  in 
only a lew  c e lls  (F ra s e r  and G harpu re , 1962) and th e re  is  v e ry  
l i t t le  ce ll killing* A sm a ll p rop o rtio n  of the surv iv ing  ce lls  becom e 
neop lastic  (Vogt and Dulbeeco, I960; Sachs and M edina, 1961). 
H ence the  a s sa y  sy stem , developed by S toker and M acpherson  (1961),
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adapted  to the  BHIC 21 lino of ce lls  (Macpliex’son and S toker, 1962; 
S toker and Abel, 1962) is  an  excellen t sy stem  w ith  which to  study 
the tran sfo rm a tio n  phenom enon. A diaadvaatage in using BHK 21 
ce lls  in stud ies of ca rc in o g en esis  ia th a t th ese  ce lls  are, to som e 
extent, tran sp lan tab le  in  h a m s te rs  and fib ro sa rco m as  m ay develop* 
When BHK 31 ce lls  a r e  grown fo r long periods o l tim e , o r 
d e lib e ra te ly  exposed to- se lec tiv e  conditions, ce ll lines with 
in c re a se d  tran sp lan tab ility  (De&ndi, iiohm an and K raem or, 1963) 
or the  ab ility  to  grow  in  ag a r (M ontagnier, M acpharson and Jarrett, 
1966 ) can be isolated* J a r r a t t  and  M acpherson (1968) have re p o rte d  
th a t th is  was due to a  sm a ll p ropo rtion  of highly tnm origen ic  variant 
c e lls  p re se n t in  populations of BHK 31 €13 co lls .
An important refinem ent of the quantitative a ssa y  using BHI£ 31 
c e lls  was reported by M acpherson and Montagnier (1964) who 
developed a se lec tiv e  a s sa y  for polyom a v iru s  tra n s fo rm e d  c e lls . 
They showed th a t the ce lls  which had been tra n s fo rm e d  by polyom a 
v iru s  would grow  to form  colonies in soft a g a r  suspension  medium, 
w hereas the u n tran sfo rm ed  ce lls  w ere unable to  divide.
Abel and C raw ford  (1963) showed that tran sfo rm a tio n  was
lé ,
a s 80ela ted  with DHA-contaim ng particle©  and not w ith the p ro te in
capsid , s'aggesting th a t tran sfo zw a tio n  was duo to  the v i r a l  DNA*
T his suggestion w as confirm ed  by C:rawfoa*d, D albecco, F rie d ,
M ontagnier and S toker {1964) when they oxposod BHK 21 ce lls  to
DNA ex trac ted  £z*om -polyoma v iru s  and de term ined  the  p ropo rtion
of ce lls  gx^omng to  fo rm  coloniee in  soft ag a r. B ourgatix (1964)
Bshowed th a t a  BHIC3Î ce ll can a d so rb  up to 10 polyom a v iru s  
p a ,r tid e s , w ith about one th ird  of those  en tering  the  c e ll  and 
becom ing a sso c ia te d  with the n u c lea r frac tio n . One would 
the Z» of o re  expect th a t 100% of the  B1T£< 21 ce lls  would be tra n s fo rm e d  
w ith a  high input m u ltip lic ity  of polyom a v iru s . H ow ever, S toker 
and A bel (1962) showed th a t osily 5-10% of the ce lls  becom e 
m orpholog ically  tra n s fo rm e d , although tran sfo rm a tio n  ap p eared  
to  be clue to  the  d ire c t  ac tion  of a  single v iru s  p a r tic le  infecting 
a  sing le  ce ll. The explanation of th is  **eeiling** effect rem a in s  
unknown although m uch investiga tive  w ork has been c a r r ie d  out.
The low tra n sfo rm a tio n  frequency , even a t # e ry  high input 
xnu ltip lic ities of v iru s , m ay be re la te d  to  the  com petence of the 
c e lls  fo r tra n sfo rm a tio n  a t the tim e of infection. C om petence
IS.
m ay be con tro lled  genetica lly , o r  i t  m ay dezdvo fro m  a  tra n s ie n t 
physio logical s ta te  of the  ce ll, ac tive  aromzd the tim e  of infection. 
S tudies on the genetic  ©usceptlM lity of the ce lls  by M acphereon and 
S toker (1962), Sachs, M edina and B erw ald  (1962) and B lack (1964) 
BUggestj how ever, th a t the ’^ceiling*^ effect ia not due to  the  p re se n c e  
of only a  sm a ll propo%*tion of genetica lly  suecep tib le  ce ils .
B aeilico  and M arin  (1966) have re p o rted  that, although ce ll  
com petence for tran© form ation  is  not r e s t r ic te d  to  any portion  of 
the ce ll cycle, the su scep tib ility  in c re a se s  with the progress of 
the  ce ll th rough in te rp h ase , reach ing  a  m axim um  in  0 2  ce lls .
One of the d ifficu lties  which o ccu rs  In th ese  experim en ts is  
the problem of delayed  tran sfo rm a tio n . S toker (1963b) found tha t 
when f in g le  BHK El c e lls  were exposed to  polyom a v iru s  and 
iso la ted  m  m ic ro d ro p s  they  gave idse  to no rm al, tra n s fo rm e d  and 
m ixed  c lones. The m ixed  clones w ere probably due to delayed 
transformation o c c u rrin g  up to  seven  o r eight genera tions after  
exposure  of the ce ll to the v iru s .
T here  have been a number of re p o r ts  auggeeting th a t the 
physio logical s ta te  of the cello  m ay affect the transform ation
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ra te .  S toker and Abol (1962) showed th a t c e lls  exposed  to high 
cone03)1 ra tio n s  o.f m agaesixim  ions aiCter infection  gave a  th re e  to 
five fold in c re a se  in  the tra n s fo rm a tio n  ra te . K isch  and F r a s e r  
(1964) found tha t in c re a s in g  the pH fro m  6. 6 to 7. 6 a f te r  in fection  
in c re a se d  the tra n sfo rm a tio n  frequency  m o re  than four fold.
TMa was a  d ire c t effect on the  in itia tio n  of tran sfo rm a tio n  ra th e r  
than  a  se lec tio n  fo r  tra n s fo rm e d  ce llo . M edina and Sachs (1963) 
have ehowii tha t holding in fec ted  co lla  a t low te m p e ra tu re  a f te r  
in fection  in c re a se s  the p robab ility  of tran sfo rm a tio n . M arin  and 
B asilico  (1967) showed th a t pu rom ycin  and p#flu o rophenyl^alanm o, 
both in liib ito rs of p ro te in  syn thesis , gave a  two to  th re e  fold 
enhancem ent of tra n s fo rm a tio n  when the c e lls  w ere  exposed to 
th e se  drugs fo r a  p e r io d  of liv e  ho u rs  s ta rtin g  a t the end of the  
vl.rue adso rp tio n  period*
The re g u la r , o r ie n ta te d  a rran g em en t of n o rm a l un tran e fo rm ed  
tis su e  cu ltu re  c e lls  changes to  a  x*andom, d iso rien ta ted  a rran g em en t 
when ca lls  a re  transform ed*  The change is  u sually  com pletely  
s tab le  and h e r ita b le  and, in  the ca se  of polyom a v iru s  and BHK 21 
c e lls , polyom a v iru s  p a r tic le s  cannot usually  be detec ted  in  the
n .
tra n s fo rm e d  ce ll lin e s . Hot a ll the  in fo rm ation  th a t Is c a r r ie d  in  
th e  polyom a genom e a p p e a rs  to he n e c e s sa ry  for tran sfo rm a tio n . 
B asilic a  and Di M ayorea (196ô% B enjam in (l'965j and B a t^ rje t, 
C ra m e r and M ontagnier (196?) have re p o rte d  th a t the ab ility  of a  
polyom a v iru s  p a r tic le  to  com plete a  vegetative cycle  of grow th 
was m o re  sen sitiv e  to  Inactivation by ultraviolet irrad ia ticm ,
]C #irradiation o r  v  ^ irra d ia tio n  than i ts  ab ility  to  cause  trams*» 
formation, Batarjet et.a.1 (196?) deduce fro m  th is  tha t trans** 
form ation re q u ire s  only about one»#fifth of the v ira l  genome needed 
fo r plaque form ation. T hese resu lts could, however, a lso  be 
explained if m ultiplicity reactivation occurred m  the in fected  c e lls .
T h ere  is  som e evidence th a t a t  le a s t  p a r t  of the  v ira l  DNA 
p e r s is ts  in  tra n s fo rm e d  c e lls . TM© does not appear to occur 
by a m ethod analogous to  the  iyeogenic s ta te  of p rophage m  the 
b a c te r ia l  ce ll, s in c e  treatm ent©  known to induce m a tu re  phage 
p a r tic le s  In ly©ogenie b a c te r ia  d id  not induce the fo rm ation  of 
m aW re polyom a v iru s  p a r tic le s  fro m  tra n s fo rm e d  m ouse  ce lls  
(Vogt and Dulbecco, 1962). H ow ever, G erb er and  K irsc h s te in  
(1962) showed tlm t tum our c e lls  containing no o s tra c ta b le  v iru s
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yielded  SY40 y iru a  when grovm in  con tact with su scep tib le  mosd^ey 
c e lls . ViruB spec ific  com plem ent fixing and tran sp lan ta tio n  
an tigens do p e r s is t  in  tra n s fo rm e d  cell© (Sjogren, H e lla tro m  and 
K lein, 1961} H abel and Eddy, 1963; Hafoel, 1965) in  which v ira l  
an tigen  has not been d e tec ted  (Habel* and S ilv e rb erg , I960). The 
p re se n c e  of th e se  now an tigens is  often taken  a s  evidence th a t the 
v ira l  genom e p e r s is ts  in  tra n s fo rm e d  ce lls .
The m oot convincing d ém onstra tions th a t a t le a s t  som e of the  
v ira l  DNA p e r a 1s t s. in the tra n s fo rm e d  ce ll have com e fro m  the u se  
of DNA/EHA h y b rid isa tio n  techn iques (Hall and Spiegelm an, 1961} 
G illesp ie  and Spiegelm an, 1965). B enjam in (1966) found h sm all 
fra c tio n  of rad io ac tiv e  pu lse# labe lled  RNA, fro m  v iru s - f r e e  polyom a- 
tra n s fo rm e d  ce lls , which h y b rid ised  with polyom a v iru s  BNA. The 
am ount of ENA detec ted  re p re se n te d  appro3cim atoly one to  five 
polyom a DNA equivalen ts p e r  ce ll. M ore recen tly , W ostphal and 
Dulbecco (1968) d e te rm in ed  the am oim ts of v ira l  DNA p re se n t in 
polyom a- and S V 40-transfo rm ed  ce ll lines by hybrid ising  the 
c e llu la r  DNA with in  v itro  RNA com plem entary  to  v ira l  DNA. They 
found five to seven  v ir a l  DNA equivalents in  the ca se  of polyom a
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traBSformecl cell lines. They also found that the viral DNA was 
located in the nuclei of the #ells.
C ells  'm fected w ith polyom a v iru s  show a  s tim u la tion  of 
c e llu la r  DNA sy n th esis . This was d em o n stra ted  indepeudontXy 
in  th re e  le iborato ries w ith contact hdniblted m ouse ce lls  in fec ted  
w idi polyom a v iru s  (Dulbecco> Haa^tweli <xnd Vogt, 1965; W eil, 
M ichel aatd .EuschmaUfl 1965; W hiocour, ICaye and Btollax% 1965). 
G ershon , H ausen, E^achs and W m ocour (1965) showed th a t polyom a 
v iru s  could induce th e  syn thesis  of c e llu la r  BHA in X #irradi.ated 
r a t  em bryo ce lls  and  th a t the  ce lls  a lm o st doubled th e ir  DMA 
content befo re  the DNA ©yntl^esis stopped. N itrous ac id  v ira l  
inactiva tion  esqr^erimonts (O ershon, H ausen, Sachs and W inocour, 
1965) showed that the inactiva tion  cu rves fo r tn'an©formation and 
fo r  the  DMA sy n th esis  inducing capacity  fo r polyom a %d3;us w ere  
iden tica l, again  auggesting th a t only about one-fifth  of the v ira l  
genom e was n e c e s sa ry  fo r both tran sfo rm a tio n  and induction of 
DMA ry n th ea is . Sachs (196?) has  suggested  th a t an  effic ien t 
ca rc in o g ea  would be one which could induce both a  change in  the 
contvol m echan ism  of the  ce ll, and the  rep lica tio n  of the c e llu la r
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constituent© to  perm dt fissation of the tran sfo rm a tio n . Xt seem s 
likely  tha t m togra.tion of a ll  o r  p a r t  of the  v ira l  genom e v/onld he 
m o st likely  to occu r during  th e  re p lic a tio n  of the c e llu la r  DNA.
Tho effect of u ltra v io le t ra d ia tio n  on m am m alian  ce lls
The  p re se n t study is  concerned  witli the in te rac tio n  of u l t r a ­
v io le t rad ia tio n  and polyom a v iru s  in the tra n sfo rm a tio n  of 
m am m alian  c e lls . Some of the m a jo r effects of u ltrav io le t 
rad ia tio n  on m am m alian  c e lls  a r e  rev iew ed  below .
Although a  g re a t  dea l of w ork on the u ltra v io le t ir ra d ia tio n  
of b a c te r ia  and o th e r m ic ro  o rg an ism s has been  c a r r ie d  out, 
re la tiv e ly  few stud ies have been m ade on m am m alian  c e lls , 
i t  has been  w ell e s tab lish ed  th a t th e re  is  a  lo ss  of.' p ro life ra tiv e  
capacity  of m am m alian  ce lls  exposed to u ltrav io le t ligh t £md that 
th is  is  dependent on the phase  of the ce ll cycle occupied by the cello  
a t,th e  tim e of ir ra d ia tio n . Kril^son and S sybalsk i (1963) using  the 
D89/AG c e ll  line  d e riv ed  fro m  hum an s te rn a l m arro w , S in c la ir  and 
M orton (1965) using  # ie  ¥79  line  of C hinese hamstex* c e lls , and 
Raxith and W hitm ore (1966) using the L -60T  line of L  ce llo , a ll  
showed th a t the  su rv iv a l of ce lls  a f t ex* u ltra v io le t ir ra d ia tio n
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d ec ro ased  a f te r  m ito s is , re ach ed  a  m inim um  ea rly  in  S and then 
in c re a se d  to a  m axim um  in  la te  B o r  e a rly  QZ.
R asm ussen  and P ain t ex* (1964) and C leaver (1965, 1966a) have 
studied  the dose re sp o n se  curve  fo r the inîxihition of DNA syn thesis  
by ult'rav io let light and they have found that i t  is  in  the fo rm  of a  
h iphasie  cu rve . C leaver (1965) found tha t the m a jo r cause of the  
inhibition in  the ra te  of DNA sy^itheslo in  D -ce lls  was the effect of 
u ltrav io le t light on tlie a ssem b ly  of nucleotide trip h o sp h a tes  into 
DNA. Ho a lso  found th a t the x’a te  of DNA syn thesis  a f te r  ir ra d ia tio n  
with 240 erga/m ua^ of u ltra v io le t ligh t fe ll to  a  m inim um  a f te r  two 
hours and then began to  recovex*. A t h igher doses how ever the 
ra te  of DMA sy n th esis  fe ll to ix v e ry  low level a f te r  3 hours and no 
re co v e ry  was detec ted .
Xt is  now w ell e s tab lish ed  th a t one of the m ain  b io logical effects  
of u ltrav io le t rad ia tio n  in  m am m alian  ce lls  is  the production  of 
p y rkn id ine  d im ers  (T roako, Chu and C a rr ie rs  1965; K lirnek, 1966). 
The num ber of d im ers  fo rm ed  is  dose dependent and a t loi^ closes 
(between 0 and 200 erga/mw.'^*) the  p re se n ce  of th ese  d im ers  does 
not com pletely  block DNA syn th esis  in  the ir ra d ia te d  co lls although
2?,.
0uch cell© ©how a  pronom iced d e c re a se  in th e ir  ab ility  to syn thesise  
DNA im m edia tely  a f te r  ir ra d ia tio n  (îQimek and Y lasinova, 1966). 
C leaver (1967) ha© estim a ted  th a t the efficiency of d im er fo rm ation  
a t E, B37Â is  approx im ate ly  one d im er m  700 m ic ro n s  of DNA p e r  
e rg  p e r  sq u are  m illim e te r . K lim ek (1966) using L -c e lls  and T rosko , 
Chu and C a r r ie r  (1965) using  Chine a e h a m ste r  co lls  could not detec t 
d im er excision  into the soluble frac tion , im plying tha t d im er excision  
a s  an  ex p ress io n  of r e p a ir  of rad ia tio n  dam age, analogous to dark  
repail* in E sch e rich ia  co li, was not p re se n t in  th ese  c e lls . M ore 
recen tly , how ever, Regan, T rosko  and C a r r ie r  (1968) have shown 
th a t u ltrav io le t i r ra d ia te d  hum an ce lls  lo s t approx im ately  50% of the 
py rim id ine d im e rs  fro m  the DNA w ithin 12-24 h o u rs  a f te r  ir ra d ia tio n . 
T hese  d im ers  ap p eared  in  the TCA soluble frac tio n  of the ir ra d ia te d  
ce lls  w ithin 24 h o u rs .
R asm ussen  and P a in te r  (1964, 1966) have re p o rte d  a type of 
DNA ayntlxesi© in  m am m alian  ce lls  that was stim u la ted  by the p re se n ce  
of 5-brom odeoxyurid ine in  the  DNA m olecule, was not oem iconservative  
and o c c u rre d  in  ce lls  th a t w ere  not in  the  n o rm al DNA synthetic phase . 
D jordjevic and T olm ach (196?) confirm ed th is  re su lt  when they found 
u ltrav io le t rad ia tio n  induced ’^ unscheduled” DNA syn thesis  in  and G^
H elia ce lls . C leav er (1968) ha© shown that ©kin fibroblast©  cell© 
fro m  pa tien ts  with the r a r e  h e re d ita ry  d isease , x e ro d e rm a  
pigm eBtoshm , c a r ry  a  m utation  causing  re p a ir  rep lica tio n , of the 
type d esc rib ed  above, to be com pletely  absen t o r m uch reduced  in 
com parison  with n o rm a l hum an skin  fib rob lao ts . P a tien ts  with 
x e ro d e rm a  pigm entoaum  a re  ex trem ely  sensitive  to  s^inlight o r 
u ltra v io le t ligh t and exposure to sunlight leads to the developm ent 
of skin tum o u rs .
In s tra in s  of E . coll lacking the dark  re p a ir  m echan ism , 
pyrim id ine d im ers  ac t aa b locks to DNA rep lica tio n  (Betlow,
Swenson and C a r r ie r ,  1963). Dendy and Sm ith (1964) and Deady, 
Sm ith and Aefoi (1967) showed tha t the ra te  of DNA, syn thesis  in  
m ouse L -c e lls  could be reduced  when a  m ic ro -b e am  of u ltrav io le t 
ligh t was d irec te d  in to  the  m edium  aurrounding the  c e lls . T his 
effect w as due to th e  production  of a  peroxide and could be p reven ted  
if the  ce lls  w ere  incubated  in  ca ta la se  fo r a t le a s t 4 h o u rs  befo re  
ir ra d ia tio n . A t high doses of rad ia tio n  the p ro tec tion  was only 
p a r tia l .
P ho to reac tiva tion  of u ltrav io le t rad ia tion  dam age in DNA is
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usually  absen t fro m  maimmaliam coll© (C leaver, 1966b) imdor 
condition© in  which it  can  be d em onstra ted  in m any m ic ro -o rg a n ism s  
(dagger, 1958; Blum, 1959). H ow ever, Eauth (1967) has re p o rte d  
a ca ffe in e -sen sitiv e  re p a ir  systexn. fo r u ltrav io le t dam age in  B ce lls . 
This effect was s im ila r  to the d a rk  reac tiv a tio n  re p a ir  sy stem  
re p o rte d  in  c e r ta in  b a c te r ia l s tra in s  (Setlow and Cas:r  1er, 1964; 
Boyce, and H o w a rd # F la n d e s , 1964),
F e rry , H ell and Era*era (1961) re p o rted  tha t two th ird s  of the 
labelling  of cy toplasm ic RKA in  m te rp h ase  ce lls  is  su p p ressed  
a f te r  ir ra d ia tio n  of the  nucleo li with an u ltrav io le t m icrobeam .
De M aoyer-G uignard and De M aeyer (1965) and B urke and M orrison
(1966) found an  inhib ition  of ENA syn thesis in uJta*a.violet irrad ia ted , 
c e lls , h ite rfe ro n  production  was d ep re ssed  a t the sam e rad ia tion  
doses which d e p re sse d  DH.A and RNA syn thesis . T his lo ss  of 
in te rfe ro n  producing ab ility  w ith in c reas in g  u ltrav io le t dose 
showed f i r s t  o rd e r  k in e tics  (Cogniaux-De C lerc , Levy and W agner, 
1966 ; Biirke and M orrison , 1966), K lim ek and V lasinova (1967) 
have shown, how ever, th a t the inhibition of DNA sy n th esis  in  xiltra- 
v io le t ir ra d ia te d  ce lle  was not due to the inhibition of RNA sy n thesis .
ZB.
P ro to in  synthoais ap p e a rs  to be li tt le  affected  by u ltrav io le t 
rad ia tio n . E r r e r a ,  H ell and Pei*ry (1961) re p o rte d  tha t p ro te in  
eynthesia was d e c re a se d  a s  a  reo iilt of ixihibition of n u c lea r RNA 
eyntheoia by u ltra v io le t radiatioxi. Takeda, H aru se  and Y atani
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(1967) and K lim ek and Y laainova (196?) however? have re p o rted  
th a t th e re  was no sign ifican t effect on p ro te in  syntheoia a f te r  
u ltrav io le t ir ra d ia tio n  of He La and L ce lls .
U ltrav io le t ligh t has been re p o rte d  to  inactiva te  vario u s enssymeo 
including succinate  dehydrogenase (B arber and OttolengM , 1957), 
choline dehydrogenase (Ottolenghi? B erhheim  and W ilbur, 1955),
AT P as  e (B eyer, 1962), ty ro s in a se  and ac id  phosphatase (Bciji 
and Iw ashita, 196S).
Many of the effec ts  th a t u ltrav io le t rad ia tio n  has  on m am m alian  
c e lls  a re  su p erfic ia lly  sina ila r to  the effects of ionliaing rad ia tion . 
However it  m u st be re m em b ered  th a t the p assag e  of the X -rad ia tion  
is  non -spec ific  and the high energy  of the X -ray  quantum  can affect 
any p a r t  of the co ll. U ltrav io le t rad ia tio n  w ill affect only those 
c e llu la r  constituen ts which have a  high specific  ab so rp tion  fo r the 
p a r tic u la r  wavelesigth used . In the ca se  of a  w avelength of 2, 537.S, 
the  nucleic ac id s probably  ab so rb  m ost of the energy .
26,
P u rp o se s . of the p re se n t .study.
S toker (1963a and 1964a) re p o rte d  tha t when h am ete r cello  w ere  
exposed to  X -rad ia tio n  p r io r  to infection with polyom a v iru s  the 
surviv ing ce lls  w ere  m o re  sen sitiv e  to tran sfo rm atio n . He a lso  
fomxd tha t when irra d ia tio n  w as delayed fo r 24 hou rs a f te r  infection, 
th is  in c re a se d  sen sitiv ity  to  tran sfo rm a tio n  s t i l l  ex isted . F u r th e r ­
m o re , th is  sen sitiv ity  to tran sfo rm a tio n  rem ain ed  high fo r two days 
a f te r  ir ra d ia tio n . M ore recen tly , Pollock and T odaro (1968) have 
found a  s im ila r  enlxanced sen sitiv ity  to tran sfo rm a tio n  when 3T3 o r  
hum an diploid fib ro b la s t ce lls  w ere  exposed to X -rad ia tion  prioi* to 
in fection  with SV40 v iru s .
The p r im a ry  a im  of the  p re se n t study has been to  de te rm ine  if 
ir ra d ia tio n  of BHK 21 ce lls  with ultim violet ligh t caused  an  in c re a se d  
sen sitiv ity  to trem sform ation  with polyom a v iru s , such a s  that 
o b serv ed  'with ionising  rad ia tion ,
A secondo.ry a im  of the study was to investiga te  vario u s a sp ec ts  
of the u ltrav io le t radiobiology of the polyom a v irus-B H K  El G Î3 ce ll 
sy stem  in an  a.ttempt to elucidate  the ro le  that rad ia tion  m ight play 
in the in c re a se d  sen sitiv ity  to  tran sfo rm atio n . S toker (1964a) and
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Bollock and T odaro  (1968) have suggeeted that the in e re a se d  
sen sitiv ity  to transform ation in  th e ir  sy stem s w as due to a d ire c t 
ac tion  of X-radiatiox'i om the ce lls  and the la t te r  w o rk e rs  have 
suggested  th a t if tra n sfo rm a tio n  depends on the  in teg ra tion  of the 
v i r a l  genom e into the host c e ll then tran© form ation m ight be 
favoured  if  v ira l  DNA was p re se n t during re p a ir  of the h o st ce ll 
DMA. In the  ligh t of th e se  suggestions an investigation  was 
c a r r ie d  out to d e te rm in e  if r e p a ir  o ccu rs  in  i r ra d ia te d  BHK 21 
c e ils .
C H A P T E R  II
MATERIALS
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(a) y iruB
The polyom a v iru s  u sed  throughout the p re se n t study was a 
sm a ll plaque s tra in  d erived  fro m  the Toronto s tra in , by plaqtte 
purifica tion , by D iam ond and C raw ford  (1964).
(b) T issu e  cu ltu re  ce lls
The tis su e  cu ltu re  c e lls  u sed  in the  experim en ts d e sc rib ed  in 
th is  T hesis w ere  in itia lly  obtained f?;om the Cytology D epartm ent 
of the In stitu te  of V irology w ith the exception of 4n BHK 21 ce lls  
which w ere kindly supplied  by D r. S. R evell of the C h este r 
B eatty  R esea rch  In stitu te , London.
C u ltu res of whole m ouse em bryo ce lls  w ere obtained as  
m onolayer cu ltu res  in 80 ro ta ting  bo ttles (House and Wildy, 
1965).
BHK 21 013 c e lls  w ere  a continuous line of h a m s te r  f ib ro b las ts  
d e sc rib ed  by Ma.cph.erson and S toker (1962).
PyH 3 and P y H 6 ce lls  v^ere clones of BHK 21 C l3 ce lls  which 
had been independently tra n sfo rm e d  by polyom a v iru s . T hese
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clones w ere  iso la ted  by P r o f e e M .  Stoker fro m  colonies growing 
in ag a r suspension  cu ltu re ,
4 n  BHK 21 cello  w ere  a  n e a r  te trap loM  line of BHK 21 
ce lle  iao la ted  by D r. S. R evell of the  C h este r B eatty  R esea rch  
In e titu te , London.
(c) Knaym es
T rypsin  w as obtained fro m  DifCO L ab o ra to rie s , D etro it, U .S .A . 
R ecep to r D estroying Enzym e (RDE) was p re p a re d  by the m ethod 
of House (1967). I ts  ac tiv ity  w as determ ined  by the m ethod of 
Busby, House and M acdonald (1964}*
(d) C alf s e ra  and h o rse  s e ra  w ere  s te r i l is e d  by M iiliporo  filtra tio n ,
(e) T ryp tose  phosphate brotix, B acto -A gar, Noble A gar and P PL O  
A gar w ere  obtained fro m  Difco L ab o ra to rie s , D etro it, O. S, A,
(f) A ntibiotics w ere  obtained fro m  Glaxo L ab o ra to rie s , G reenford , 
England.
(g) A m m o-acids and v itam ins w ere  obtained fro m  the K och-L ight 
Labo ra te  r ie s ,  England,
(h) B ra in  h e a r t  infusion b ro th  pow der, sabouraud  flu id  m edium  base .
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Mood agar b ase  powder and y ea s t e x tra c t w ere  obtained fro m  Oxoid 
L im ited , Londan, England*.
2, CoîOTOsition of M edia
The m odification  of Eaale*© m edium  (Eagle, 1959) d e sc rib ed  by 
Busby, House and M acdonald (1964) was used  fo r ce ll cu ltu re .
T ryp tose  phosphate b ro th  was p re p a re d  by die solving 147. 5 g. of 
try p to se  phosphate b ro th  in  d is tilled  w ater to give a  fina l volum e of 
5, 000 m l. 20 m l am ounts w ere  auto clave d and checked fo r s te r ili ty .
ETC  growth m edium  was com posed of 80% E ag le 's  m edium , 10% 
ca lf se ru m  and 10% try p to se  phosphate bro th .
C ell S torage M edium w as com posed of 60% Eagle*© m edium , 10% 
try p to se  phosphate b ro th , 25% ca lf se ru m  and 5% g lycero l.
DEAE d ex tran / Noble A ^ar was p re p a re d  by m ixing 1 m l 0. 5% DEAB 
clextran, 25 m l 4, B% Noble A gar and 5 m l ca lf se ru m  with 75 m l 
Eagle*© m cdhm i a t I .  3 tim es  the n o rm al concen tra tion  and lacking 
phenol red ,
Saline was com posed of 0 , 9% W /Y sodium  ch lo ride  in d is tilled  w ate r.
31.
Fhqspliate buffered  sa line  (FBS) pH ?. 4 bad the com position d e sc rib ed  
by Dulbecco and Vogt (1954).
T viB #saline  (TB) had  the com position d esc rib ed  by Sm ith, F reem an , 
Yogt and Dulbecco (I960).
Y e rsen a , 0. 02%, was p re p a re d  a s  a  0* 02% ©olution in  PBS lacking 
CaCl^ and MgCl^. 6H^0 and containing 0. 0015% Phenol red .
T ry p s in , Q. 25%, was p re p a re d  ae a  0.25% solution in TS, s te r i l is e d  
by M ilHpore f il tra tio n  through a  Ô. 22^ m em brane and s to re d  a t -20^G.
T rypsin /yerB ene _Bolution_ consisted  of one volum e of try p s in  to four 
volum es of vea?sene giving a  final concentration  of 0. 05% try p sin .
N eu tra l re d  s ta in  was p re p a re d  a s  a  0. 02% solution in TS.
ETC ag a r wa© com posed of 60% E a g le 's  m edium  a t 1 .3  tim es  
the n o rm al concen tra tion  plus 10% ca lf se ru m , 10% tryp toae  
phosphate bro tli and 20% of 2. 5%- Difco B acto ag a r. This gave 
an ag a r concen tra tion  of O. 5%.
EH Ufzar w as com posed of 75 m l E ag le 's  m edium  a t 1. 3 tim e s  
the n o rm a l concen tra tion  p lus 2. 5 m l h o rse  serum  and 25 m l 
of 3. 6% Difco B acto a g a r .
C H A P T E R  III
METHODS
\z.
T his chaj>ter d e sc r ib e s  p ro c ed u re s  which have been used  
rou tine ly  throughout the p re se n t study. S pecial m ethods w ill be 
d e sc rib ed  in  the  re le v an t c h a p te rs .
I .  G e ll cu ltu re  techniques
(a) C ell lines
The BHK 21 C l3 clone o£ h a m s te r  c e lls , the two lin es  o£ polyom a 
v iru s  tra n s fo rm e d  BHK 21 C IS  c e lls , designated  PyH3 and PyH 6 , and 
4n BHK 21 ce lls  w ere  s to re d  rou tine ly  in frozen  stock  su spensions. 
C u ltu res of ce lls  which w ere  ju s t  confluent wer*e checked, by the 
m ethod d esc rib ed  by Fogh and Fogh (1964), to en su re  th a t they 
w ere  not contam inated  by m ycop lasm a. They w ere  then  try p s in lzed  
w ith try p s in  /  v e rs  one so lu tion  and suspended in  c e ll s to rag e  m edium . 
A liquots of the c e ll suspension , in  sm a ll sc rew  capped v ia ls , w ere  
slow ly cooled to -6 0 ^ 0  in  a  deep fre e z e . F o r  m o re  perm anen t 
s to rag e , som e aliquo ts w ere  sea led  in  g la ss  am poules and s to re d  
in  a  liquid  n itro g en  re f r ig e ra to r .  C ells w ere  re c o v e re d  by thawing 
rap id ly  in  a  w ate r bath  a t 37^G.
The re c o v e re d 'c e lls  w ere  seeded  into 8 oz. baby bo ttle s  with
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10 m l ETC . The b o ttle fj w ere  then  flushed  with 5% CO_ in  a i r  andM
Oincubated  a t  37 G. When the re su ltin g  m ono layer becam e confluent 
the  c e lls  w ore try p sm iz e d  w ith try p a in /v e ro e n e  so lu tion  and e ittie r 
B ub-cultured  into fu r th e r  baby b o ttle s  o r  re su sp en d ed  in  ETC  fo r 
u se  in  an  ex p erim en t. C ell lin es  w ere  re c o v e re d  rou tine ly  every  
14 day a, so tha t no c e lls  w ere  u sed  which had been in  cu ltu re  fo r 
m o re  than  two w eeks fro m  th e  tim e  of re co v e ry .
(b) P r im a ry  m ouse em bryo  c u ltu re s
M inced n e a r  te rm  m ouse em bryos w ere  tre a te d  with 0. 25% 
try p s in  in T r is  salin© to  give a  suspension  of c e lls . The c e ll
su spension  w as w ashed in  w arm  PBB and aliquo ts, each  containing
B2 x 1 0  ce lls , w ere  added to  200 m l ETC in 00 oz. W inchester 
b o ttle s . T hese  bo ttle s  w ere  flushed  with S% CO„ in  a i r  and 
p laced  a t 37^C on a  ro l le r  cu ltu re  ra c k  (House and W ildy, 1965).
The ce lls  g rew  and becam e confluent in  about 5 days. They 
w ere  thon h a rv e s te d  by tx*eatment w ith try p s in /v o rse n e  so lu tion  
and  sub#cu ltu red  to give secondary  c u ltu re s . C ells  fro m  the  
secondary  c u ltu re s  w ere  u sed  fo r  plaque a s sa y s  o r  in  the 
p roduction  of fe e d e r c e lls .
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(c) MoufôO omb
The UG0 of X -Irra d ia te d  c e lls  to  a s s is t  colony fo rm atio n  by
iso la ted  cello  in  the sam e cu ltu re  d ish  was f i r s t  d e sc rib ed  by Puck
and M arcus (1955). In the  p re se n t study, feedex* c e lls  w ere  p re p a re d
by the  m ethod of S toker and M acpherson  (1961). S econdary  m ouse
em bryo  ce lls  w ere  ir ra d ia te d  w ith 1, 700 r .  of u n filte red  X -ra y s
fro m  a  W atson-type M obilix X -ra y  ap p a ra tu s . T h is ap p a ra tu s
w as u sed  a t 81 kV and S m A and d e liv e red  3. 9 r / s e c .  a t  a  ta rg e t
to  ce ll d is tan ce  of 12 .7  cm . Follow ing irra d ia tio n , th e  ce lls  w ere
cen trifuged  and resu sp en d ed  in  f re s h  BTC.
5F e e d e r  c u ltu re s  w ere  seeded  w ith 10 ce lls  24 h o u rs  p r io r  to 
th e ir  u se . A lte rn a tiv e ly , fe e d e r co ils  w ore added to  BTC ag a r
5so th a t 1 , 5 m l of the  co ll suspension  in  BTC a g a r  contained I x  10
oc e lls . A ll cu ltu re s  in  P e t r i  d ish es  w ere  incubated  a t 37 C in  a 
hum idified  incubato r flushed  w ith 5% CO^.
2. P roduction  of polyom a v iru s .
and  ex trac tio n
Polyom a v iru s , in  an  xm purified s ta te , w as p re p a re d  by a 
p ro c ed u re  b ased  on those  u sed  by C raw ford  (1962) and Bourgatuc 
(1964).
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The medium was removed from  newly confluent secondary mouse 
em bryo monolayer© in 80 oz, W inchester bo ttles and 10 m l of a 
polyoma virus euapeuaiou containing approximately 10 plaque forming 
imite per cell was added to  each bottle  and the virita p a rtic le  a w ere  
allowed to adaorb to the cells. A fter the v irus adso rp tio n  period ,
200 m l of ETC was added to each bottle. The bottles w ere  x*eturned 
to the ro l le r  culture rack and incubated  at 3?^Q for 5-7 days.
After 5-7 day a, the calls were h a rv es ted  and the resulting
osuspensions of c e ll frag m en ts  w ere  p laced  a t 4 C fo r 12 h o u rs  to 
allow  any v iru s  in  the m edium  to  a ttach  to  the oolla. The suspension  
was then cen trifu g ed  a t 4 G fo r S-10 m inutes a t  2? 8ÛÛ %\ p. m . and the  
su p ern a tan t d isca rd ed . A fte r checking tha t the  p e lle ts  w ere  fre e  of 
b a c te r ia l  contam ination , they  w ere  pooled and resuspended  in  10 m l of 
T6 . The ce lls  w ere  d isru p ted  by 3 cyc les of freez in g  and thawing, 
cen trifuged  a t 2? 000 r .  p. m . fo r  10 m inutes and the superna tan t 
rem oved. Each p e lle t was resu sp en d ed  in  10 m l TS and 2 .5  m l 
EBB and the suspension  incubated  a t 37^0 fo r 24 h o u rs . The 
suspsnBion w as then  cen trifitged  a s  befo re  and the svxpornatant 
rem oved  and s to red  a t  4^C. The p e lle t was reeuspended  in  10 m l TH
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Oand incubated  a t 37 C fo r  a  fu r th e r  24 hour a. The ausponaion was 
aga in  cen trifuged  and the  aup em atan t rem oved. T h is cycle was 
continued tm til the haem agglu tiuatioa  a s sa y  (see below) showed tha t 
the  am ount of v iru s  rom aiu ing  a sso c ia te d  w ith the  c e ll  d e b ris  was 
too sm a ll to  wax*rant fu r th e r  ex trac tio n .
(b) Haem agi^lutinatlon A ssay
The am ount of v iru s  in  the XIDB e x tra c ts  and TB v/aoherj was 
e s tim a ted  by assay in g  fo r  haem agglutinatlng  ac tiv ity . Sam ples of 
the v iru s  p re p a ra tio n s  w ere  d ilu ted  and heated  a t 37^0 fo r 15 m inu tes 
to  re le a se  into the m edium  any v iru s  ad so rbed  to the  ce ll d eb ris . 
A liquots of 0. E m l w ere  fu r th e r  d ilu ted  in a e r ia l  2 -fo ld  s tep s  in 
PBB a t 4^C in p e rsp e x  haom agglutination  tra y s . A liquots of 0. Z m l 
of a  1% suspension  of guinea pig e ry th ro cy te s  in  PBS w ere  added to  
each  v iru s  d ilu tion  and the tra y s  w ere  p laced  a t 4^G fo r  3 houx*sr.
A-t the end of th is  p e rio d  the  end point v^ae re co rd ed . T his was the  
d ilu tion  of the v iru s  which caused  agglutination of a-pproxim ately 
h a lf of the re d  cells*
(c) D ensity  G rad ien t Oentrifug(ation
The crude  v iru s  e x tra c ts  w ere  fu rth e r  pu rified  by a  m ethod based
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on th a t d e sc rib ed  by G raw ford, C raw ford  and W ateon (1962). The 
su p ern a tan ts  containing the  c rude  v iru s  e x tra c ts  w ere  pooled and 
cen trifuged  in  a Spinco M odel L u ltrace n tr ifu g e  w ith a  30 ro to r  a t  
30, 000 r .  p . m . fo r 3 h o u rs  to p e lle t tho  virus* The p e lle ts , which 
contained  m o st of the  v iru s , w ere  re  suspended in  0. OEM T rie  HGl 
buffer (pH 7. 5) containing M gCl^ (FimM). A so lu tion  of caesiu m  
ch lo rid e  was p re p a re d  by d isso lv ing  4. 8 g of caes iu m  chlox*ide in  
7. 8 m l T rio  buffer (* 0 * OBM pH 8 ). The g rad ien t w as p re p a re d  by 
lay e rin g  1 m l a liquo ts of the  v iru s  suspension  onto 3 m l aliquoto 
of the  caes iu m  ch lo rid e  so lution in  Spinco SW39 tu b es . T his gave 
a final density  of 1 .3  g /m l. The tubes wex'e cen trifuged  in  a  SW39 
ro to r  a t lO^C fo r B4 h o u rs  a t  30, 000  r . p .  m . A t the  end of the  
cen trifugation  the gx*adient w as a t  equ ilib rium  and the v iru s  waei 
p re se n t a s  Z bands -  the  lower* band consisting  of in tac t polyom a 
v iru s  p a r tic le s  and the  u p p er band consisting  of p a r tic le s  lacking 
nucle ic  ac id  (C raw ford , C5*awforcl and W atson, 1962). C ell d eb ris  
rem am ed  a t the top  of the  tube* The low er band of " fu ll” p a r tic le s  
w as co llected , d ilu ted  in PBS so lu tion  A ami cen trifuged  a t 30, 000 
r . p .  m . fo r 3 h o u rs  to p e lle t the  v iru s . The superna tan t, containing
38.
tho caesium  ch lo ride , wac d isca rd ed  and the v iru s  p e lle t resuspendod
in PBB solu tion  A. Sam ples w ore taken  to  .m easure the haem agglutixi-
a tlo n  t i t r a  and the m rm bar of plaque form ing un its in  th e  v iru s  susponcion,
oThe x*omainlng v iru s  suspens ion w as s to re d  a t -20  C in 1 m l  a liquo ts .
(cl) F laque A ssay
The num ber of plaque fo rm ing  un its  in polyom a v iru s  suspensions 
w as de te rm in ed  by the  m ethod d esc rib ed  by Dulbecco and F re e m a n  (1959)- 
Secondary m ouse ombry© m ono layers w ere  p re p a re d  and inocu lated  
with 0* Z m l of a  polyom a v iru s  suspension . The in fec ted  m ono layers  
w ere  incubated  a t  3'? C fo r Z ho u rs  to  allow  the v iru s  to  ad so rb  to  th e  
c e lls . The p la te s  w ere  shaken a t  in te rv a ls  to  en su re  an  even sp re a d  
of tho v iru s  over the  c e ll  sh ee t. A fte r the incubation  period , 6 m l of 
EH ag a r o v erlay  w ere  added and the cu ltu re s  incubated  a t 3? C. On 
the  4th and $th day of incubation  3 m l of EH ag a r o v erlay  w ere  added.
On the 17th day 3 m l of n e u tra l ra d  s ta in  w ere added and the  p la te s  
incubated  a t overn igh t. E xceso  n e u tra l rod  was tîxcn rem oved
and the ce ll sh ee t fixed w ith fo rm o l sa line . The a g a r  o verlay  was 
sh e lled  out and  the p laque0 com ited. One plaque form ing  unit (pfu) 
was the am ount of v iru s  which gave r i s e  to one plaque.
39.
3. IJlts?avioIet I?yadiatioig
(a) 8oux^ca0 of ‘u ltra v io le t iradiation
Two types of bactex’iciclal lam ps w ere  u sed  ao u ltra v io le t 
ra d ia tio n  sources* F o r  a  few p re lim in a ry  ex p e rim en ts  a  24 m ch 
low p re a s u re  m e rc u ry  vapour d isch a rg e  tube w ith a  V ycor envelope 
w as u sed  (lîng lehard  H auovia L am ps, Slough, ISugland; M odel 13A, 
Tube Type 3). T h is lam p o p e ra ted  a t  30 w atts and 43 mA and w as
u sed  a t  a  s e t  tube to  ta rg e t  d is tan ce  of 40 cms* The dose a t  the
Zta rg e t  w as 26 e rg s /m m  /s e c .
F o r  a l l  o th e r ex p e rim en ts  a  12 inch  low p re s s u re  m e rc u ry  
vapour S isch arg e  tube w ith a  liqu id  f i l te r  jack e t (F ng lehard  Hanovia 
Lam ps! M odel 16, Tube ffype I) w as used . The tube was m ounted 
on an  alum in ium  back p la te  and th is  w as a ttach ed  to  a  bench stand  
so th a t the  dose ra te  could be v a r ie d  by ra is in g  and low ering  the
tube re la tiv e  to  the ta rg e t. The lam p o p era ted  a t 15 w atts and  30 mA,
2The inciden t dose a t  40 cm s was 17 e rg s /m m  V see .
In both u ltra v io le t ra d ia tio n  so u rce s  85% of the to ta l energy  
output was a t 2 , SSTjS.
40.
(h) M easurement of ultraviolet dose
A photometer was built to m e a su re  the incident dose. It was 
based on a cadmium photocell type 3E9 TUMC/B Cd V Mo. OB/0481 
made by Freaslosa ISaet Germany. This photocell had a narrow  
wavelength specificity with a maximum output at Ê,. 53?^. The 
circu it diagram  and the oompoments o£ the photometer a re  shown in  
Fig. I  and Table 1.
The photometer was calibrated by a uranyl«oxalate acth^ometor 
(Rose, 1961) and by luactiTatlon curves of bacteriophage T2M. 1 
am grateful to  D r. D. Hitchie of this department fo r carrying out 
the la tte r method of calibration.
The ultraviolet sources were checked at regular intervals to 
ensure that there was no deterioration in the output of the radiation. 
The sources were always switched on 30 minutes before any 
irrad iations were perform ed to allow the radiation output to stabilise. 
C are was taken to ensure that the sources and reflec to rs were kept 
clean, as dust, g rease etc. can lower the amount of e tm tg j emitted 
by a lam p.
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(c) Ült3?aviolet Irradiation  of cells
A n  a%)proprlate num bor of c e lls  (the nnm.ber  bem g depexiderit 
on  the req u irem en ts  of the oxperim m it) w ere p la ted  out into 60 nxm  
g la ss  P e t r i  diehee w ith 5 m l BTC. The ce lls  v/eve  Incubated a t 
37^G m  a  hum idified  incubato r flushed  with 5% CO fo r about 16 
h o u rs . Thio p e rm itte d  the  c e lls  to  s tick  to the g la ss , sp rea d  out 
on the g la ss  and s ta r t  to d ivide. A fter the  incubationi period , the 
m edium  was rem oved  and the  c e lls  w ashed tw ice w ith PBS. As 
m uch a s  p o ss ib le  of the  w ashm g m edium  w as rem oved  and the 
co lls  w ere  then  ixu'adiated. A fte r ir ra d ia tio n  the  c e lls  w ere  w ashed 
tw ice « the w ashing m edium  being dependent on the following 
tre a tm e n t. F o r  exam ple, if  the ce lls  w ere to  re c e iv e  no fu rth e r  
tre a tm en t, the w ashing m edium  was BTC.
C ells which w ere  to  be u sed  as  u m rra d ia te d  con tro ls  w ere  
tre a te d  in  am id en tica l way to  the  i r ra d ia te d  co lls  w ith the exception 
tha t they w ore not exposed to  the u ltrav io le t radiation*
4. Infection of BlIK 31 013 ce lls  w ith polyom a v iru s
As BHli21 013  cello  a r e  m ark ed ly  aggregated  by polyom a v iru s  
the cello  w ere  in fec ted  by the m ethod described, by S toker (1963a).
4H*
S p arse  xu.onolayers of BHK21 C l 3 cello  w ere  w ashed tw ice w ith TS 
p lus E. 5% ca lf s e ru m  and  in fec ted  by adding 0. E m l of a  polyom a 
v iru s  ouopension to each  p la te . T his ouapenoion w as d ilu ted  fro m  
a  stock  aoltition with TS plus E. B% ca lf se ru m  to  give an  approx im ate  
input m u ltip lic ity  of 600 p fu /c e ll. Uninfected con tro ls  w ere  .mock 
in fec ted  by the addition  of 0* E m l TS plus E. B% ca lf se ru m . A ll 
the p la te s  w ere  incubated  a t 37^0 fo r  1 hour to  allow  the  v iru s  to 
ad so rb  to the c e lls . D uring th is  Incubation p e rio d  the  p la tes  w ere  
shaken a t 15 m inute in te rv a ls  to  e n su re  an  oven sp rea d  of the  v iru s  
o v er the m on o lay ers .
A fter in fection  Uie m ono layers w ere  w ashed tw ice in  ETC  and 
5 m l of BTC w ere  added to each  p la te . The p la te s  w ere  then  
incubated  a t 37^G fo r  4  h o u rs . T his incubation p e rio d  m arked ly  
reduced  the  ra te  of c e ll clum ping due to  the  p re se n c e  of the v iru s . 
T h is m ethod of in fec tion  gave a  som ew hat low er tra n sfo rm a tio n  
I’a te  (Stoker, 1963a) than  infection  of c e lls  in  suspension  but, on 
try p sm ira tio n  of the m onolayers, a  c e ll suspension  w as o b ta in ed  
which usually  co n sis ted  of o v er 90% single c e lls .
43.
5. Pla.ting of ce lls  fo r  colony fo rm ation
a) P la t in i  on ^ lasc  
a) P la tm g o n  g la ss
C olls w are  p la ted  out fo r colony fo rsm tlo ii on g la ss  by the  m ethod 
daacribod  by S toker and A bel (196E).
Cello w ere  trypoinl&ied w ith try p o in /v e ro en e  solution, suspended  
ill BTC, and w ere then, co m ted  ixi a  Hawks ley  C r is ta lite  Tmproved 
Noubauor haem ocy tom eter (the num ber of c e ll clum ps w ere  a lso  
com ited to  exisure tha t the  m sijority  of the cello  w ere  in  a  sing le  c e ll 
suspension). A m inim um  of 200 ce ils  in a t le a s t  2 haem ocy tom eter 
ch am b ers  w ere  counted fo r each  e s tim a te  of the  to ta l co ll num ber in  
any given c e ll  suspension . A fte r th e  to ta l num ber of celle, in  a  
auspezision had been  counted, they  w ere  dilu ted in BTC to give a  
suspension  containing the  a^^propriate num ber of c e lls  p e r  m l fo r 
p lating  out fo r  colony fo rm ation . F o r  u n irra d ia te d  BHKSl C l3 
c e lls  p la ted  on fe ed e r c e lls  th is  num ber was 200 c e lls /m l  ETC.
One xnd of the  c e ll suspension , to g e th er with 4 m l ETC, w ere  then
p la ted  p e r  60 m m  g la ss  P e t r i  d ish . U nless o therw ise  s ta ted  in  the
Btex t, the ce lls  w ere  p la ted  oxito 10 m ouse em bryo  fe ed e r ce lls  
(Section 1(c)).
oThe cu ltu re s  w ere  than  incubated  a t 37 C fo r 7**S days befo re  
bem g fixed with fo rm o l sa lin e  and etainad  w ith G iem sa stain*
C olonies w ere then  counted mid sco re d  fo r transform ation*
(b) P la ting  in ag a r
Cello w ere p la ted  out fo r  colony fo rm ation  in  a g a r suspension  
m edium  by the  metliocl d e sc rib ed  by M acpheraon and M ontagnier (1964), 
C elia w ere  trypainis^ed, counted and dilu ted  aa d e sc rib ed  in 
sec tion  B(a)* The c u ltu re s  w ere  p re p a re d  by p ipetting  B m l of 
15TO a g a r  into SO m m  p las tic  P e t r i  d ishes, allow ing the ag a r to 
so lid ify  and then adding the e% perim ental ce lle  in  a  1,S m l la y e r  of 
ETC  ag a r « th is  la y e r  having a  final concen tra tion  of 0* 3% agar*
When m ouse em bryo feed e r c e lls  w ere  u sed  in  a g a r  suspension  
c u ltu re s  they  w ere  p la ted  out on top  of the b asa l la y e r  of ETC agar*
The ex perim en ta l c e lls  w ere  p la ted  on top of th is  fe ed e r layex**
A gar suspension  c u ltu re s  w ore incubated  a t  37^C fo r 10 days 
in  a  hum idified  incubato r flushed  with S% C0_* in a ir .
6* D éfinitions in  T ra n sfo rm a tio n  A ssay s
The defin itions u sed  in  th is  study a t e  based  on those  u sed  by 
S toker and A bel (1962),
45.
T h ree  b asic  p a ra m e te rs  have been u sed  in the m easu rem en t of 
tran sfo rm a tio n : the  plating  effic iency  of the  in fec ted  c e lls , the
o b se rv ed  tra n sfo rm a tio n  ra te  per c e lls  p lated , and the observed  
transform ation ra te  p e r  to ta l co lon ies counted* The abso lu te  rate  
of tran sfo rm a tio n  caim ot be es tim a ted  d irec tly  aa i t  would have to  be 
e x p re ssed  a s  th e  p ro p o rtio n  of tra n s fo rm e d  to  to ta l c e lls  in  the 
o rig in a l population exposed to the  virus* Aa i t  is  no t possib le  
w ith  p re se n t techn iques to  ob ta in  a  p lating efficiency of 100%, the 
ac tu a l n tim ber of new ly tra n s fo rm e d  ce lls  a f te r  in fection  w ith polyom a 
v iru s  is  unlmown and th e re fo re  the abso lu te tran sfo rm a tio n  ra te  
cannot be m easu red .
The p lating  efficiency (PE%) is  defined a s  the  to ta l co lonies 
developing p e r  to ta l c e lls  p lated , e x p re ssed  a s  a  p ercen tag e .
The o b serv ed  tra n s fo rm a tio n  ra te  p e r to ta l c e lls  p la ted  (t p e r  
ce ll) is  defined as the num ber of tra n s fo rm e d  co lonies p e r  to ta l 
c e lls  p lated , expressed  a s  a  p ercen tag e .
The o b serv ed  tra n sfo rm a tio n  rat© p e r  to ta l co lon ies counted 
(t p e r  colony) is  defined as the num ber of (tran sfo rm ed  co lonies per 
to ta l colonies observed, expressed  as a  percentage*
4 6 .
The ex p ress io n  t  p er  colony ie  u sefu l in  th a t i t  allow s fo r 
d iffe rences in  p lating  efficiency th a t occu r, fo r  exam ple, when 
ir ra d ia te d  and rm irrad ia ted , in fec ted  c e lls  az'e com pared  w ith re g a rd  
to  tran sfo rm a tio n . H ow ever, a s  th e re  is  no evidence tha t the  plating  
efficiency of new ly tra n s fo rm e d  ce lls  is  the sam e as  th a t of n o rm a l 
c e lls , the value of t  p e r  colony m ay not he a  re lia b le  ind ication  of 
the ac tu a l tra n s fo rm a tio n  ra te .
The enhancem ent fa c to r (S toker, 1964a) ïmB been taken  as  the 
ra tio  of the tra n s fo rm a tio n  freq u en c ies  (e ith e r t  p e r  colony o r  t  p e r  
cell) of i r ra d ia te d  and u n irra d ia te d  c e lls . This fa c to r  hae been used  
a s  a m e a su re  of any change o ccu rrin g  in the tra n sfo rm a tio n  ra te  duo 
to u ltrav io le t ir ra d ia tio n .
The re su lts  of tra n s fo rm a tio n  a s sa y s  have boon p lo tted  a s  log 
( ir ra d ia te d  re  su it /hn l r  ra d ia te  d re su lt)  aga in st ir ra d ia tio n  dose.
The e r r o r s  shown re p re s e n t tvd.ce the s tan d ard  e r r o r  (2 % SE) of 
the m ean fo r each re s u l t .  The stan d ard  e r r o r  of the  m ean  has  been 
ca lcu la ted  as  the s tan d a rd  e r r o r  of individual observ a tio n s  divided by 
the square  roo t of the  ammber of m easu rem en ts  th a t w ent into the 
m easu rem en t of th is  s tan d a rd  e r r o r .  The value of 2 x  SE gives 
ap:proxim ately 90*95% confidence lim its .
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I . The BUBCoptiMXitY of u ltra v io le t ir ra d ia te d  BHKEl. CX3 ce lls  
to tranQAOrmation by polyom a v iru s .
(a) W ro d u c tio n
S toker (1963a, 1964a) showed tha t when BHIC2Î C l 3 ce lls  w ore 
exposed to  X -rad ia tio n  im m ed ia te ly  p r io r  to iiifecUon with polyom a 
v iru s , the  surv iv ing  c e lls  w ere  m o re  sen sitiv e  to  tran sfo rm a tio n .
H is roBultD suggested  th a t the  in c re a se d  sen sitiv ity  w as due to  a  
d ire c t  ac tion  of the X -rad ia tio n  on the  ce lls . M ore re cen tly  
Pollock and Toclaro (1968) have obtained s im ila r  re su lts  using  
SV40 w ith 31K3 asid hum an c e ils . It seem ed  p o ss ib le  tha t u ltra v io le t 
(ÜV) rad ia tio n  m igh t a lso  cause  BHE.E1 C l3 co lls  to becom e m o re  
eeneitive to tra n s fo rm a tio n  by polyom a v iru s . E xperim en ts  w ere  
p e rfo rm ed  to te s t  th is  hypo thesis .
(b) T ra n sfo rm â t ion, of ir ra d ia te d , polyom a v iru s  infectod  BHK 21 
CIS ce lls  p la ted  on g la ss
T ran sfo rm atio n  of UV ir ra d ia te d  BHK21 CIS c e lls  was stud ied  
by sco ring  the num ber of tra n s fo rm e d  colonies which w ere  produced  
when 0 ¥  ir ra d ia te d  ce lls  which w ere  in fected  witli polyom a v iru s  w ere  
p la ted  out w ith fe e d e r c e lls  in  g la ss  P e tr i  d ish es .
48.
Table Z and F ig u re  Z show the re su lts  of one experim en t and T able 3 
and F ig u re  3 the pooled re s u l ts  fro m  a s e r ie s  of five ex p erim en ts . 
The re e u lts  a r e  p lo tted  in both fig u re s  a s  log ( ir ra d ia te d  re s u l t /  
u n irra d ia te d  re su lt)  ag a in s t ir ra d ia tio n  dose. Tw ice the s tan d ard  
e r r o r  is  shown fo r each point. In the individual experim en ts  the 
s tan d a rd  e r r o r s  w ere  d e riv ed  fro m  the v a ria tio n  betw een d iffe ren t 
p la te s  in  the experim en t. W here re su lts  w ere  pooled, the s tan d a rd  
e r r o r s  re p re s e n t the  vaidation  betw een d iffe ren t ex p erim en ts . The 
e r r o r s  w ere la rg e , due to the  low tran sfo rm a tio n  ra te  obtained by 
the  m ethod u sed  and the  e r r o r s  in c re a se d  a t h igher doses of UV 
rad ia tio n  due to the d e c re a se  in  the num ber of su rv iv ing  colony 
form ing  c e lls . The re su lts  showed a  sign ifican t r i s e  in  t  p e r 
colony, the o b se rv ed  tra n sfo rm a tio n  ra te  p e r to ta l co lon ieo counted. 
T h ere  w as a r i s e  in  t  p e r  ce ll, the  o bserved  tra n sfo rm a tio n  ra te  p e r 
to ta l ce lls  p lated , which was ju s t  sign ifican t in .Figure Z but lo s t i ts  
sign ificance when the  re s u lts  w ere  av e rag ed  out in F ig u re  3. The 
maximumi enhancem ent fac to r fo r t  p e r  colony, which is  the ra tio  of 
the  t  p e r colony of the  ir ra d ia te d  cello  to  the t  p e r  colony of the 
u n ir rad ia ted  ce lls  w as 2 .1  a t a 45% drop  in plating  efficiency, The
UV d o se  ( s e c s ,  
e x p o s u r e  to 26 
e r g s / m m ^ / s e c .  )
No. of 
p l a t e s
P .  E. % 
t  2 X  8. E.
t p e r  co lony  
± 2 X  S.E .
t p e r  c e l l  
± 2 X  S .E .
0 8 44. 3 i  1. 2 2. 06 t  0. 67 0. 91 i  0 .3
2 8 35. 7 i  1. 2 4 . 1 3  i  0. 69 1. 46 ± 0. 23
4 8 20. 1 ± 1. 4 6. 85 i  1. 22 1 .3 8  Ï  0. 31
6 7 9 . 5  i  0 .6 3. 79 * 0. 85 0. 36 * 0. 08
8 8 3 .5  ± 0 .3 2. 88 i  2. 36 0. 10 ± 0. 07
T ab le  2. R e s u l t s  f r o m  a s in g le  e x p e r i m e n t  showing an
e n h a n c e d  t r a n s f o r m a t i o n  r a t e  by p o ly o m a  v i r u s  
in  B H K 2 I  C l  3 c e l l s  ex p o s e d  to  UV r a d i a t i o n  
and  p la t e d  on g l a s s .
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FIGURE 2 ,  R esu l t  of  a S ing le  Experiment to  Show sn Increased  
S u s c e p t i b i l i t y  o f  W  I r r a d i a t e d  C e l ls  to  Transformation by 
Polyoma V i r u s ,
UV d o s e  ( s e c s ,  
e x p o s u r e  to 26 
e r g s / m m ^ / s e c .  )
P .  E. % 
i  2 X s. E.
t '  p e r  colony t  p e r  c e l l
i  2 X  s. E. ± 2 X S. E.
0 45. 7 4 2. 2 2. 36 4 0. 33 1. 08 4 0. 15
2 37. 4 t 2. 8 3. 52 4 1. 36 1. 31 4 0. 2
4 27. 2 4 10. 39 4. 85 4 1. 59 1. 26 4 0. 4
6 14. 9 4 7. 9 4. 23 4 2. 67 0. 61 4 0. 46
8 12. 1 -Jr 10. 6 3. 18 4 0. 39 0. 38 4 0. 3
T a b le  3. P o o le d  r e s u l t s  f r o m  5 e x p e r i m e n t s  showing an
e n h a n c e d  t p e r  co lony  in BHK 21 C l 3 c e l l s  t r a n s ­
f o r m e d  by p o ly o m a  v i r u s  a f t e r  e x p o s u r e  to UV 
r a d i a t i o n  and p l a t e d  on g l a s s .  The  e r r o r s  hav e  
b e e n  c a l c u l a t e d  f r o m  the  m e a n s  of the  5 e x p e r i m e n t s
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FIGURE 3* ■ Pooled R esu l ts  o f  5 Experiments t o  Show an Increased
S u s c e p t i b i l i t y  o f  UV I r r a d i a t e d  Cel ls  to  Ibransformation by 
Polyoma V i r u s .
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maxj.m’am  enliaîicem ent fa c to r fo r t  p e r  c e ll wae 1. E5 a t  a  15% drop 
in  p lating  efficiency.
It th e re fo re  ap p ea red  tha t p r io r  Irra d ia tio n  of BHK El C l 3 ce lls  
w ith U ¥ ligh t cotiM onliance th e ir  su scep tib ility  to tra n s fo rm a tio n  by 
polyom a v iru s , a t  le a s t  w ith re sp e c t  to  t  p e r  colony. S toker (1963a, 
1964a) a lso  found th a t th e re  was an  in c re a se  in the  t p e r  colony 
va lues, but did no t re p o r t  any in c re a se  in  the  value fo r t  p e r  c e ll 
when the co lls w ere  i r ra d ia te d  p r io r  to infection  w ith polyom a 
v iru s . The value fo r  t  p e r  ce ll is  of im portance  in  tra n sfo rm a tio n  
enhancem ent stud ies a s  a  r ise , in  the t p e r ce ll value over th a t fo r 
the  con tro l cu ltu re s  would show an abso lu te  r i s e  in the tra n sfo rm a tio n  
ra te , A r i s e  in  the value fo r t  p e r  colony over tha t fo r  the con tro l 
cu ltu re s  only shows how ever, in  the experim en ts  d iscu ssed  above, 
th a t m o re  of the  surv iv ing  co lls  gave r is e  to tra n s fo rm e d  co lon ies,
(c) T ran sfo rm atio n  of ir ra d ia te d , polyom a v iru s  in fec ted  BHK El C l3^
ce lls  p la ted in  a g a r.
Only a  sm a ll p e rcen tag e  of polyom a v iru s  in fec ted  BHICEl CIS 
c e lls , p la ted  out on g la ss , give r i s e  to  tra n s fo rm e d  co lonies. The 
rem ain ing  ce lls  give r i s e  to  n o rm a l colonies. T h ere fo re , only a  few
50,
tra n sfo rm e d  colonies can be obtained on each p la te  because  of the 
lim ita tion  in  the to ta l num ber of ce lle  which can be p la ted  to give 
w ell sep a ra ted  and iden tifiab le  co lonieb. Using the a g a r suspension
technique (M acpheraon and M ontagnièr, 1964) m any m o re  tra n s fo rm e d  
coloniea can  be sco re d  in  individual cu ltu re s  b ecause  the n o rm a l ce lls  
do not grow  and so la rg e r  num b ers  of ce lls  can  be seeded. This 
allow s g re a te r  p re c is io n  in  the assay*
YiThen UV ir ra d ia te d  cello  w ere  in fected  w ith polyom a v iru s  and 
p la ted  on g la ss  the m ain  effect noted  was a  doubling of the value fo r 
t  p e r  colony (see  p rev ious section)* Aity abso lu te  r i s e  in the  num ber 
of c e lls  tra n s fo rm e d  was not alw ays sign ificant. B ecause of the 
in c re a se d  p re c is io n  of the ag a r suspension  technique, experim en ts  
using th is  technique w ere  p e rfo rm ed  in  an  a ttem p t to investiga te  
w hether the r i s e  in  t  p e r  c e ll on g la ss  was sign ifican t. As n o rm a l 
ce lls  a re  unable to  grow  in  ag a r, values fo r t  p e r  colony cannot be 
obtained d irec tly . I r ra d ia te d  ce lls , in fected  w ith polyom a v iru s , 
w ere  th e re fo re  cuto%’ed using  the  ag a r suspension  technique. To 
allow  fo r ce ll k illing , in c reas in g  num bers of ce lls  w ere  p la ted  with 
in c re a s in g  UV rad ia tio n  doses. M ereasing  the  ce ll num ber did no t 
affec t the re s u lts .
51
Tîis r ie e  in t  peu c e ll shown in  Table 4 was again  b a re ly
zsign ifican t a f te r  E seconds ir ra d ia tio n  (52 e r g s /m m ') .  T h e re a fte r , 
the  value fo r t  p e r c e il fe ll m uch m o re  rap id ly  than  m ight be expected  
fro m  the data  obtained by grow ing the ce lls  in  g la ss  P e t r i  dishes*
The data again  suggested  th a t th e re  m ight be a  sm all r i s e  in  t  p e r  
ce ll when the ce lls  w are  in fec ted  with polyom a v iru s  a f te r  low doses 
of UV rad ia tio n .
(d) The effect of delaying the p lating  of Irrad ia ted , polyom a v iru s  
in fec ted  BHK 21 G13 ce lls  in  a g a r .
The re  su it Ei in  T able 4 suggested  tha t th e re  w as li tt le  advantage
to be gained by p lating  ir ra d ia te d j in fec ted  c e lls  d ire c tly  in to  ag a r
suE^  pens ion m edium . B xperim enta w ere  c a r r ie d  out to  in vestiga te
the  effect of p e rm ittin g  the ir ra d ia te d , in fected  c e lls  to  **re co v e r
a t 3?^G befo re  being p la ted  into a g a r suspension  m edium .
5S p arse  m onolayer a of approx im ately  10 ir ra d ia te d  BHK El CIS 
ce lls  W e e  ted  with polyom a v iru s  w ere  incubated a t 37^0 fox’ 24, 48, 
72 and 96 ho u rs  befo re  the c e lls  w ere  p la ted  out in  a g a r suspension  
m edium  without fe ed e r c e lls . The m edium  was changed on a ll 
p la te s  every  24 h o u rs . Any p la tes  which had not bean u sed  by 48
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h o u rs  w ere  subcultux*cd to  en su re  th a t the ce lls  dicl not becom e fully 
confluent. This p recau tio n  was taken  to  en su re  th a t contact phenom ena 
did  not affec t the re s u lts  a s  S toker (1964b) has Bhown th a t h a m ste r  
ce lls  tra n s fo rm e d  by polyom a v ii’us a r e  inhib ited  fro m  growing when 
in  contact w ith s ta tio n a ry  n o rm a l c e lls . As a  con tro l, c e lls  w ere  
p la ted  out 4 ho u rs  a f te r  in fection  (aee Table 4).
The re su lts  a r e  shown in  Table b and F ig u re  4. They show 
Üiat th e re  was li tt le  change f ro m  the  4 hour p a tte rn  (Table 4) when 
the ce lls  w ere  p la ted  out a f te r  24 ho u rs  incubation. T h ere  w as a
2sm a ll r i s e  in the t  p e r  c e ll a f te r  Z seconds ir ra d ia tio n  (S2 e r g s /m m  ) 
which was b a re ly  sign ifican t in som e expexdments but not sign ifican t 
in o th e rs .
When the ce lls  w ere  p la ted  out a f te r  48 ho u rs  incubation on g la ss  
the  s ligh t r i s e  in t  p e r  ce ll had com pletely  vanished . The num ber of 
colony form ing ce lls  in  the  p la te s  containirag the  ix^'s^adiated cell© 
rem a in ed  approx im ate ly  the sam e but the num ber of colony form ing  
ce lls  in  the p la te s  containing the  u n irra d ia te d  co n tro l c e lls  had  in c re ased . 
A fte r 7Z ho u rs  incubation  on g la ss  the num ber of colonies in  a ll  the  
sam ples had d e c re a se d  but the  drop  in  the num ber of colonies was m uch
No, of h o u r s  
in c u b a t io n  a t
37OC
UV D o se  ( se c o n d s  
e x p o s u r e  to  26 
e r g s  / m m ^ / s e c .  )
No, of c e l l s  
p la te d
T o ta l  No, 
of c o lo n ie s  
coun ted  
(10 p la t e s )
t p e r  
i  2 X
c e l l
S .E .
0 10^ 1861 1. 86 ± 0, 07
24 2 10^ 1986 1. 99 ^ 0. 08
4 1 0 ^ 1273 1. 27 i  0, 05
6 10^ 643 0. 64 t 0. 04
0 10^ 2474 2. 47 t 0. 05
48 2 lo"^
10^
1786 1. 79 0. 07
4 1149 1. 15 i 0, 05
6 10^ 627 0, 63 i 0, 07
0 10^ 356 0. 36 t 0. 02
72 2 10^ 430 0. 43 i 0. 02
4 10^ 354 0. 35 i 0. 01
6 10^ ^ 290 0, 29 i 0. 03
0 10^ 207 0. 21 i 0, 01
96 2 10^A
392 0, 39 ^ 0. 02
4 . 10 170 0. 17 i 0. 01
6 10^ 105 0. 105Ï 0. 01
T ab le  5. T he  e f f e c t s  of in c u b a t in g  m o n o l a y e r s  of UV i r r a d i a t e d ,  
p o ly o m a  v i r u s  in fe c te d  BHK 21 C 13 c e l l s  fo r  up to  96 
h o u r s  a t  37*^0 b e f o r e  p la t in g  into a g a r  w ithou t  f e e d e r  
c e l l s .
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FIGURE 4. The E f fe c t  o f  Incubat ing  I r r a d i a t e d ,  I n fe c te d  Cel ls  a t  
yj^C  on Glass b e fo re  P l a t i n g  in  Agar (— >a  = t  per c e l l )
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m ore proaom ced ;m the tialrradiated  plates- After 96 hours incutetioa 
oti glass the aum her o£ colonies in a ll the samplee was s till sm aller 
but the value after Z seconde irrad iation  {BE ergs/.m m ) in a ll 
expérimenta worked out to be about double that in  the um rradiated 
co n tro ls .
(e) The effect.o f delaying the  .plating of i r ra d ia te d  polyom a v iru s  
in fec ted  ce lle  in. a g a r w ith feed e r c e lls .
Irradiated, polyoma virus infected ce lls  were also plated in agar 
euepension medium in the presence of feeder cells in order to investi* 
gate whether an enriched agar suspension medium would affect the 
period before which the enhancement effect was seen in agar without 
feeder ce lls-
The resu lts obtained a re  shown in Table 6 and Figure 5. Instead 
of the slight r ise  in I per cell observed 4 hours after two seconds
2iIrradiation (BE orge/m m  ') when the celle were plated into agar 
suspension medium without feeder cells, there was a drop m the t 
per cell value from  that obtained lo r the unir radiated controls.
After 24 hours incubation this drop in the value for t per cell was 
not as pronounced as a fte r 4 hours incubation. When the c e lls  had
No. of h o u r s  
in c u b a t io n  a t  
37°C
UV D ose  ( s e c o n d s  
e x p o s u r e  to  26 
e r g s / m m  / se c .  )
No. of c e l l s  
p l a t e d / p l a t e
T o ta l  No., 
of co lo n ie s  
coun ted  
(10 p la t e s )
t p e r  c e l l  
i  2 X  S .E .
0 10^ 1945 1 .7 4  ± 0. 04
2 10^ 1265 l . Z & i  0. 0(
4
4 10^ 450 0. 45 ± 0. 0;
6 10^ 373 0. 37 i  0. O':
0 10^ 2094 2. 1 t  0. OE
2 10^ 1983 1. 98 i  0. IE
24
4 10^ 1389 1. 39 * 0. Of
6 10^ 1229 1. 23 i  0. Oi
0 10^ 476 0. 48 i  0. 0£
2 10^ 789 0. 79 0. Of
48
4 lo'^ 285 0. 28 ± 0. O'
6 10^ 128 0 .1 3  ± 0 . o;
T ab le  6. The e f fe c t  of in cu b a t in g  m o n o l a y e r s  of UV i r r a d i a t e d ,  
p o ly o m a  v i r u s  in f e c te d  BHK21 C l  3 c e l l s  fo r  up to 48 
h o u r s  a t  37^C b e f o r e  p la t ing  in to  a g a r  w ith  10^ f e e d e r  
c e l l s .
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FIGURE 5» The E f f e c t  of  Incubat ing  I r r a d i a t e d ,  I n fe c te d  Cells  a t  37^C 
on Glass b e fo r e  P l a t i n g  in  Agar v i t h  Feeder Ce l ls  (— ~ t  per  c e l l )
.0been mcnbated a t 37 C £03? 48 homre before being plated in agar, there 
was a  m arked riee  in the valne £ot t per cell compared to that for the 
imirradiated control ce lle  inonbated for the same period of tim e.
This txBO in the valne for t per cell occurred after a m arked drop 
in the number of colony forming ce lls . A sim ilar drop in the number 
of colony forming cells was seen a lte r  7Z hours incubation when the 
cells w ere plated in the absence of feeder cells.
■^^ 300 m  t h e  t  p m  
in fec ted  ce lls  in  a g a r .
The in crease in the  value for t  p e r  cell, com pared to  the value 
for unirracM ated con tro l c e lls , w as only o bserved  over a v e ry  sm all 
dose range whmi th e re  was a  delay  befo re  in fec ted  ce lls  w ere  p la ted  
in agar suspension medium.
In order to further characterise the fo rm  of the enhancem ent of
the value for t  per ce ll, sim ilar experim en ts  w ere  perform ed in  which
Zthe UV rad ia tion  dose w as low ered  fro m  26 erg s/m m  / s e e  to  9. S argaV 
2m m  '/s e c  and the  tim es of exposure w ere v a r ie d  from 0 to  12 seconds.
The ce lls  w are  p la ted  in to  agar without feed er c e lls  after 96 h o u rs  
incubation a t 37^0, or into ag a r w ith  feeder ce lls  a f te r  48 h o u rs  
incubation a t 37^0.
!3S.
The re su lts  when ce lls  w ere  p la ted  in  ag a r w ithout feed e r cello ,
oa f te r  96 ho u rs  incubation a t 3? C, a r e  shown in  T able 7 and F ig u re  6.
The re su lts  when cello  w ere  p la ted  into ag a r with feed er c e lls , a f te r
o48 ho u rs  incubation  a t 37 G, aa*o shown in Table 8 and X^igure 7.
The re s u l ts  ob tained  a f te r  96 ho u rs  incubation  on g la ss , when 
the  ce lls  w ere  p la ted  in  ag a r, gave a  con sis ten t tv/o**£oXd r i s e  a f te r  
6<#9 seconds ir ra d ia tio n  (87-85*5 e rg s /m m  )• When the ce lls  w ere  
p la ted  into agai* to g e th e r w ith fe ed e r c e lls  after" 48 h o u rs  incubation 
on g la ss  the m axim um  enhancem ent was not a s  m arked , showing only 
a  1 ,5  fold r is e ,  although th is  was sign ifican tly  h ig h er than  th a t of the 
u n ir  ra d ia te d  c o n tro ls . The cu rve  was le s s  s teep  than  th a t obtained 
in  the  96 hour exp erim en t and d iffe rences betw een rep ea ted  exper’im onts 
w ere  m o re  m arked ,
(g) The app licab ility  of the enhancem ent in  a g a r  a s  an  a s sa y  sy s tem  fo r 
irra d ia tio n -in d u e  ed enhancem ent of t%*ansformation
The re su lts  showed an  enhancem ent of tran sfo rm a tio n  when ce lls
■» ow ere  p la ted  in ag a r w ithout fe ed e r ce lls , a f te r  incubation a t 37 C on
g la ss . They suggested  th a t the m ethod m ight w ork as an a ssa y  sy s tem
fo r ir ra d ia tio n  induced enhancem ents of tran sfo rm a tio n . H ow ever, It
UV D o se  ( sec o n d s  
e x p o s u r e  to  9. 5 
e r g s / m m ^ / s e c .  )
No. of c e l l s  
p l a t e d / p l a t e
T o ta l  No. of 
co lo n ie s  co u n ted  
in  3 e x p e r i m e n t s  
(30 p l a t e s )
A v e r a g e  t  p e r  
c e l l  + 2 X S. E .
0 10^ 1686 0. 56 i  0. 05
3 10^^ 1962 0. 65 i- 0. 06
6 10^ 3316 1 .11  ± 0 .0 8
9 lo"^ 3366 1. 12 ± 0. 1
12 10^ 1508 0. 50 i  0. 05
T ab le  7. C h a r a c t e r i s t i c s  of the  e n h a n c e m e n t  of p o ly o m a  
v i r u s  t r a n s f o r m a t i o n  in  UV i r r a d i a t e d  BHK21 
C l  3 c e l l s  a f t e r  in c u b a t io n  of the  c e l l s  fo r  96 
h o u r s  a t  37^C b e f o r e  p la t in g  in to  a g a r  w ithou t  
f e e d e r  c e l l s .
0.4
to
S
960 12
Seconds a t  9*9 ergs/mrn / s e c .
FIGURE 6 . 96 Hours Incuba t ion  ~ Hb Feeder C e l ls  = t  per  c e l l )
UV D ose  (se c o n d s  
e x p o s u re  to  9 .5  
e r g s / m m ^ / s e c .  )
No. of c e l l s  
p l a t e d / p l a t e
T o ta l  No. of 
co lo n ie s  co u n ted  
in  3 e x p e r im e n ts  
(30 p la te s )
A v e ra g e  t p e r  
c e l l  + 2 X S. E .
0 10^ 1970 0, 66 i  0. 06
3 2781 0. 93 0. 07
6 10^ 3102 1. 03 ± 0. 04
9 10^ 2839 0. 95 ± 0. 07
12 lo"^ 1598 0. 53 i  0. 05
T a b le  8. C h a r a c t e r i s t i c s  of th e  e n h a n c e m e n t  of p o ly o m a  
v i r u s  t r a n s f o r m a t i o n  in  UV i r r a d i a t e d  BH K 21 
C l 3 c e l l s  a f t e r  in c u b a tio n  of th e  c e l l s  fo r  48 
h o u r s  a t  37^C b e fo re  p la t in g  in  a g a r  w ith  f e e d e r  
c e l l s .
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wae aîeo p ossib le  tlia t the  r e  smite could be due to eomo fo rm  of 
se lec tio n  # e ith e r through the ettbeulturing {to keep the m o u o la je rs  
Bparee) o r  th rough som e ef£ect(s) of the ra d ia tio n  its e lf . One 
p o ssib le  effect could be a  rad ia tio n  Induced se lec tio n  p ro c e ss  which 
gave tra n s fo rm e d  ce lls  am ad«amtage over the umtramaformed ce lle  *• 
fo r  03£ample, by emlaamclmg the grow th rat© o r  by givimg in c re a se d  
v iab ility  during  aubeu ltu ra .
H ow ever, the  e$perim em ta d e sc rib ed  above, in  which the ce lls  
w ere  p la ted  im ag a r with fe ed e r c e lls , ru led  out aelectiom due to  the 
aubculturing  of the  ce lls  èlmce am enhamcememt w as seem whom the 
c e lls  w ere  plated out a f te r  40 ho u rs  * before $%%beulturlmg becam e 
n e c e ssa ry .
Im order to e^am m o fu r th e r  w hether o r  mot a se lec tio n  p ro c e ss  
w as imvolvecl, *%wamplmg" experim ents were perform ed. Immediately  
after the ce lls  w ere irradiated and infected, o ther ce lle  were added
to  the cu ltu re s  so tha t S ’*swamping** ce lls  w ere  present fo r ev e ry  
one ir ra d ia te d , infected ce ll. The p re se n ce  of a  la rg e  ex cess  of 
**swamping** ce lls  In the c td tu re s  would have the  effect of a lte rin g  
the  environm ent and, th e re fo re , any selection  p ro c e ss  o ccu rrin g
57.
la  the exp erim en ta l population of ce lle  as  those  would now be a  m in o rity  
in the cu ltu re s  la  s tead  of being the  only ce lls  ia  the  culture. F o r 
essample, if the  p re se n c e  of ir ra d ia te d  colle aided  the  se lec tio n  of 
tra n sfo rm e d  c a lls , than  the p re se n c e  of ex cess  ir ra d ia te d  c e lls  in  
the  ex p erim en ta l c u ltu re s  should a id  th is  se lec tion  p ro c e ss  w hereas 
the p re se n c e  of an  e x c ess  of u n irra d ia te d  ce lls  should have the 
opposite effect.
C ells tre a te d  in  th re e  d iffe ren t ways w ere  u sed  fo r swam ping «
(a) n o rm a l (un irrad ia ted ) B H EEl C l 3 ce lls , (b) BHKEl G13 ce lls
w hich had  been  ir ra d ia te d  w ith DV ligh t fo r 1 seconda a t a  dose ra te
of 9. 5 e rg s /m m ' / sec . (the dose a t  which m axim um  enhancem ent of
tran sfo rm a tio n  w as observed) and  (c) BHKEl CIB c e lls  which had
Zreceived  a  dose of DV ra d ia tio n  of 400 e rg s /m m  # su ffic ien t to 
reduce su rv iv a l to le e s  than  1% of the  o rig in a l population. One 
com plication  in  th ese  experim en te  was the p ro b lem  of new in fec tions 
in  the  swam ping c e lls  by v iru s  p a r tic le s  rem ain ing  a f te r  washing. 
However, i t  can be assum ed th a t a  s im ila r  num ber of v iru s  p a r tic le s  
would rem ain in a ll  the  cu ltu re s  and would, -therefore, not affec t 
the final re su lt .  The c e lls  w ere  p la ted  in  a g a r w ithout feeder ca lls
sa,
a f te r  96 ho u rs  * the m edium  being changed ev e ry  E4 hous*a and the 
c e lls  sufocultured a t 48 lioiira # o r  in  ag a r with fe ed e r ce lls  a f te r  
48 ho u rs  the  m edium  being changed a t 24 hours*
The ré su lté  given in  T able 9 show that even in  the  p re se n c e  of 
5 tim e s  the num ber of o th e r  cello  which had  been t re a te d  in  different 
w ays, tlxere w as s t i l l  an app rox im ate  enhancem ent fa c to r  of Z when 
the ce lls  were plated ia  ag a r without feeder ce lls  a f te r  96 hours and 
an approx im ate  enhancem ent fa c to r of 1. S when the ce lls  v /ere  p la ted  
in  a g a r  with fe ed e r c e lls  a f te r  48 hours*
T hese re s u lts  suggested  th a t se lec tiv e  forces w ere  not involved 
in the  enhancem ent of the  value for t  p e r c e ll  v/hen ir ra d ia te d , 
in fec ted  ce lls  w ere  p la ted  outs in  ag a r a f te r  a  re co v e ry  p e rio d  a t 
37^C. The presence of a  la rg e  ex cess  of d iffe ren t c e lls  in the 
experim ental c u ltu re s  would ensure th a t se lective  forces w ithin the 
c u ltu re s  would be v e ry  d iffe ren t from  those p re se n t when only 
ir ra d ia te d , in fected  ce lls  w ere  present* The fac t th a t the enhance** 
m en t fa c to r  for t  per ce ll was u n a lte re d  suggests  tha t tMe type of 
selection  fo rce  did not cause the observed resu lts*  It th e re fo re  
appeared possib le  tha t the r i s e  in  the  value fo r t  per ce ll ob serv ed
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m  ag a r ceuM  be a t ru e  re flec tio n  of the r is e  in the  value lo r  t  p e r  
colony o b serv ed  in  the e^cperiraents in  which irraclie.ted, infected  
c e lls  w ere  p la ted  out on g lass  fo r colony form ation ,
(&) Growth of irrad ia tc îd  in fected  ce lls  on g lass  a l te r  delayed plating
The characteristics of the enhancement seen  a f te r  delayed plating 
of irradiated, in fec ted  ce lls  in  a g a r  w ere  a lso  s tud ied  by delayed 
plating  of the cello  on glass*
ZC all m ono layers w ere  li 'rad ia ted , at a  dose ra te  of 9, 5 e rg s /m m  / 
sec , and left on g la ss  fo r 4, 4S and  96 hours before being p la ted  out 
onto feed e r c e lls  on g la ss  in  o rd e r  to  de te rm ine  how the su rv iv a l 
cu rv es  for the ce ll population v a r ie d  over th is  period . The resu lts  
a r e  shown in F igure 8 (see  a lso  F ig u re  11), In itia lly  the su rv iv a l 
cu rve  w as of the  n o rm a l m am m alian  ” sigmoid*' o r  "type G" fo rm  * 
a  curve com posed of an  mitiaX shou lder reg ion , follow ed by a region- 
of exponential, o r  n e a r  exponential, decline (A lper, F ow ler, M organ, 
Tondberg, E llis  and  O liver, 1962). However, a f te r  48 hours incubation, 
th e  au rv iva l curve w as v e ry  m uch learn steep , p resum ab ly  due to  
repopulation  of the cu ltu re  by p ro life ra tio n  of the surviv ing c e lls .
When the ce lls  w ere  p la ted  out a f te r  96 hours incubation the su rv iv a l
Seconds a t  9*5 ergs/mrn /s e c
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FIGURE 8 . UV R ad ia tion  S u rv iva l Cui'ves f o r  BHK21 C13 C ells  P la te d
5 o
onto 10 Feeder C e lls  a f t e r  v a ry in g  Periods of Incubation  a t  57 C.
60,
cmrve did im t v a ry  aignilleasttly  fro m  t'ào co n tro l lev e l over the  range
of doeee w e d . The 96 hour m iirrad ia ted  con tro l cu ltu re s  contained,
befo re  the ce lle  w ore p la ted  out, approxhiaately  four tim e s  a s  m any
Ec e lls  as  the  cu ltu re s  ir ra d ia te d  fo r 12 seconds (114 e rg s /m m  ').
Çolls which had been ir ra d ia te d , infected and left on glass fo r 
48 hoars a w ere  plated out into 60 m m  glass P e tr i  dishes containing 
feed e r cells fo r colony formation. The resu lts  which a re  given in 
F igure 9  ^ show that the t  p e r  c e ll value Ims risen  to that of the  t  p e r 
colony value afte r 3 seconds ir ra d ia tio n  (28, B e rg s /m m  ')♦
C ells  which had  been  ir ra d ia te d  and in fec ted  and le ft on g lass  
fo r 96 h o u rs  w are  a lso  p la ted  out onto feed er c e lls  in  60 m m  g la ss  
P e tr i  dishes# The re s u l ts  a r e  shown in  F ig u re  10, M  th ese  
ex p erim en ts  th e  r i s e  in  t  p e r  c e ll c lo se ly  p a ra lle ls  th a t fo r 
t  p e r  colony and, b ecau se  m o re  'tran sfo rm ed  co lon ies occu r a t the 
h ig h er rad ia tio n  doses , the lev e l of sign ificance ol th e se  po in ts is  
b e tte r .
hi both of the two p rev io u s se ries  of ex perim en ts , te s t ce lls  were 
also plated out Into a g a r  without feed er cello, after 96 ho u rs  on glass, 
as a  con tro l, In both se ries  of experim en ts  the r ise  in  t per cell in
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o f  BHK21 C13 C e lls  f o r  9^ hours b e fo re  P la t in g  on Glass v i t h  Feeder 
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C e lls  gave S im ila r  R esu lts  to  Those Shovn in  F igure 6.
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a g a r  alosely paralleled the r ie e  in  t p e r  eoloay on glaaaj, althaagh 
the rise ih t  per c e ll  in  agar fe ll off m o re  rapidly after IE eeconde 
irradiation (114 erga/mm ) than the value for t  per colony on glaoe 
(eee F ig u re  6).
E. The e ffec ta .o l a lte r in g  the tim e  of ir ra d ia tio n  re la tiv e  t o .infeotiou
(a) In troduction
The œ p e r im e u te  d o ecribed  up t i l l  now w ere  b ased  on n e a r  
simultaneous ir ra d ia tio n  am i infection* Stoker (1964a) foimd that» 
when BW KZl C l3 c e lls  w ere  X*.irradiated p r io r  to in fection  w ith 
polyoma v iru s , the  in c re a se d  sensitivity to  transformation rem a in ed  
h igh fo r  48 hours. F u r th e rm o re , when ir ra d ia tio n  wae delayed  fo r 
E4 hours after in fection , an  in c re a se d  sen sitiv ity  to tran sfo rm a tio n  
s t i l l  e^dsted* Therefore ex p e rim en ts  w ere  c a r r ie d  out, using the  
a s sa y  sy s tem  d esc rib ed  above, to d e te rm in e  the periods befo re  hnd 
a f te r  infection with polyoma virus during  which th e  BBKEl C l 3 c e lls  
could be Irradiated with 0 ¥  rad ia tio n  and s t i l l  show a  tra n sfo rm a tio n  
enhancem ent effect.
62,
(b) Enîiameememt of transfo rm ation , a f te r  delayed.iBlectipn.
B îlIiE Î GIS ce lls  w ere  ir ra d ia te d  with UV rad ia tio n  a t a  dose
ra te  o£ 9* 5 e rg a /m m ^ /a e e . They w ere  them incubated a t ST^C 
fo r 24, 40 o r  72 h o u rs  befo re  infection  with polyom a v iru s . Aa 
a  con tro l, c e lls  w ere  a lso  in fec ted  im m edia te ly  a f te r  ir ra d ia tio n . 
The p la tes  w ere  then  incubated  fo r  96 hou rs a t 37^G. A fte r the 
p e rio d  of incubation they w ere  p la ted  in ag a r w ithout fe ed e r c e lls . 
The re su lts  a r e  showii in Table 10. They show the enhancing 
effect of the ir ra d ia tio n  to  be u n a lte red  a t  24 h o u rs , low er and 
only ju s t  s ign ifican t a t  48 h o u rs  and no longer p re se n t a f te r  72 
h o u rs .
(c) ^Enhancement of tran sfo rm a tio n  by Irra d ia tio n  a f te r  infection  
E xperim en ts w ere  p e rfo rm ed  to  investiga te  w hether tJV
irra d ia tio n  of c e lls , which had p rev iously  been in fected  with 
polyom a v iru s , showed a  tran sfo rm a tio n  enïiancem ent effect s im ila r  
to that which o c c u rre d  when ce lls  w ere  ir ra d ia te d  b efo re  infection.
BHK21 €13  c e lls  were in fec ted  with polyom a virus Z and 4 
h o u rs  befo re  ir ra d ia tio n  and  w ere  p la ted  out into a g a r  a f te r  the 
u su a l incubation p erio d  of 96 h o u rs .
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The 3?oBulto g iven in  T able 11 show th a t the enl^aneing effect 
w as com pletely  lo s t when the  c e lls  w ere  ir ra d ia te d  4 h o u rs  a f te r  
infection* C ontro l expérim en ta  showed th a t the doses of UV 
ra d ia tio n  u sed  did  no t sign ifican tly  a ffec t the  tran sfo rm in g  
a b ility  of the  v iru s  p a r tic le s  •» lo r  #eam ple, a f te r  a  dose of 350 
ergs/■mm*' (m ore than  double the h ig h est dosa u sed  in  the experim en ts) 
th e  t  p e r c e il value, in a g a r suspension  m edium , only dropped  fro m  
S* 6 t  0* 1% to  3. S t  0 . 1% (see a lso  l#atarjet, C ra m e r and M ontagnier, 
1967).
3. D iscussion
The expérim enta, re p o rte d  above showed th a t UV ir ra d ia tio n  of 
ce lle , p r io r  to  in fec tion  w ith polyom a v iru s ,c a u se d  an enhancem ent of 
the tra n s fo rm a tio n  ra te .  When the  a g a r  a s s a y  w as u sed  in  an  a ttem p t 
to  im prove the p re c is io n  of m easu rem en t, i t  w as found that, when 
th e re  was a  delay  b efo re  the c e lls  w ere  p la ted  out, th e re  w as an 
ap p aren t r i s e  in  the eW iancem ent clue to  irrad ia tion*  T his ap p aren t 
r i s e  o c c u rre d  96 h o u rs  a f te r  ir ra d ia tio n  and in fection  when the  c e lls  
w ere  p la ted  in  a g a r  witlïout fe e d e r c e lls  and 48 h o u rs  a f te r  ir ra d ia tio n  
and infection  when fe e d e r  c e lls  w ere  used .
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T hese roavtlts a r e  d ifficu lt to in te rp re t. The r i s e  in  the 
enhancem ent fa c to r  following a  delay  befo re  plating is  baaed  on 
t  p e r  ce ll. T h is value, but no t t  p e r  colony, is  likely  to  be affected  
during  p ro life ra tio n  of an  i r ra d ia te d  cu ltu re  because  of the dilution 
out of non** colony fo rm ing  ce llo  by polony form ing  ce lls  ao the 
our vivo re  divide. : A hypothetical-exam ple of th is  effect in  Table
IE shows how the t  p e r  c e ll and th e re fo re  the enhancem ent fac to r 
would r i s e  w ith succeeding  ce ll d iv isions. A num ber of assum p tions 
have been m ade in  th is  exam ple fo r  the sake of s im p lic ity , som e of 
which would not be tenab le  in an  ac tu a l cu ltu re . The exam ple 
a ssu m es  tha t when the  ce lls  a r e  f i r s t  p la ted  th e re  is  a  PE% of 50 
in the con tro l c u ltu re s  and 25 in the  ir ra d ia te d  c u ltu re s  and th a t the 
value fo r  t  p e r  colony is  h ig h er in  the ir ra d ia te d  cu ltu re s  than  in  the 
u n irra d ia te d  c u ltu re s  ^ a s  o b serv ed  in  the exp erim en ts  d e sc rib ed  
above in  which the ir ra d ia te d , in fec ted  ce lls  w ere  p la ted  on g la ss . 
The exam ple a lso  a ssu m e s  th a t a ll  the ce lls  v/hich a r e  capable of 
d iv ision , in  both the con tro l and ir ra d ia te d  c u ltu re s , divide a t  the 
sam e tim e  throughout and th a t th e re  is  no ce ll lo s s .
It w ill be noted  tha t the final enhancem ent fac to r, b ased  on t p e r
CONTROL (UNIRRADIATED) CELIvS
D iv is io n
c y c l e
T o t a l  No. 
of c e l l s  
in the  
c u l t u r e
N on­
d iv id ing
c e l l s
Via b le  ce l lo  In the  c u l t u r e
t p e r  
co lony
E n h a n c e m e n t  
f a c t o r  (t p e r  
co lony)
t  p e r  
ce l l
E n h a n c e m c n  
f a c t o r  (t pel  
c e l l )U n l r a n s f o r m e d T r a n s f o r m e d
0 100 0 45 5 10 Î .  0 5. 0 1. 0
1 150 50 90 10 10 1. 0 3. 3 0. 66
2 250 50 100 20 10 1. 0 4. 0 0. 8
3 460 50 360 40 10 1. 0 4. 4 0. 88
4 850 ' 60 720 80 10 1. 0 4, 7 0. 94
5 1650 50 1440 160 10 1 . 0 4. 8 0. 96
6 3260 50 2880 320 10 1 . 0 4. 9 0. 98
UV IR R A D IA T E D  C E L L S
D i v i s i o n
T o t a l  No. 
o f  c e l l s Non»div i d ing
co l l s
Via b le  ce l l o  in the  c u l t u r e
t p e r E n h a n c e m e n t  f a c t o r  (t p e r  
co lony)
t p e r
E n hancem eni  
f a c t o r  (t p e r  
ce l l )c y c l e in the  c u l t u r e U n t r a n s f o r m e d T r a n s f o r m e d
colony c e l l
0 100 25 20 5 20 2. 0 5. 0 1, 0
1 125
(k i l l ed  
by UV) 
75 40 10 20 2. 0 4. 0 0. 8
2 175
(25+50)
75 80 20 20 2. 0 5. 7 1. 14
3 275 75 160 40 20 2. 0 7. 3 1. 46
4 475 75 320 80 20 2. 0 8. 4 1. 68
5 875 75 640 160 20 2. 0 9. 1 1. 82
6 1675 75 1280 320 20 2. 0 9. 6 1. 92
T a b l e  12. A h y p o t h e t i c a l  G c h e m e  to sho w th a t  the v a l u e  fo r  t p e r  c e l l  cou ld  be a f f e c t e d
d u r i n g  the  g r o w t h  on g l a s s  of an i r r a d i a t e d ,  p o l y o m a  v i r u s  i n f e c t e d  p o p u la t i o n  
of c e l l s  a n d  a c o n t r o l ,  u n i r r a d i a t e d  in f e c te d  popul a t io n ,  w h e r e a s  the  v a lu e  for  
t p e r  co lo ny  would be u n a f f e c t e d .  The  v a l u e s  f o r  t p e r  co lo ny  a n d  t p e r  c e l l  
a r e  b a s e d  on a PE % v a lu e  of 50 f o r  the  v i a b le  c e l l s  in the  c u l t u r e  (50% of the  
c e l l s  i n i t i a l l y  p l a t e d  in the  c u l t u r e  wi l l  not  d iv ide  due  to t h i s  50% P E ) ,
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coll, m  the i r ra d ia te d  cu ltu re  riserj toward© the  eui%amccm#%t fa c to r 
fo r t  p e r  colony. The value fo r t  per  colony cannot be m eaau red  
d ire c tly  in  the a g a r aeeay  but the la te r  t  p e r  c e ll enhancem ent 
fa c to rs  ahouM ©how an equivalent value to  the enhancem ent fa c to r 
fo r t  p e r  colony*
Though the changes in  p ro p o rtio n  of colony farm ing  ce lls  during  
grow th following ir ra d ia tio n  aud infection  m ust affec t the  m easu rem en t 
of eid^ancem ent, and jn ight be the whole explanation of the effec t of 
delayed  plating , th e re  a r e  o th e r fa c to rs  which suggest tha t the 
situa tion  is  a  good d ea l m o ro  com plex. It w ill be noted, fo r  exam ple, 
th a t thei'e  was a  dro%) in the  abso lu te  num ber of tra n s fo rm e d  colonies 
when p lating was delayed  in  e itlie r i r ra d ia te d  o r  u n irra d ia te d  cu ltu re s . 
T h is drop m ight be explained if  e ith e r  the BHKEl C l 3 c e lls  divided 
m o re  rap id ly  than the newly tra n s fo rm e d  ce lls  a n d /o r  the newly 
tra n s fo rm e d  c e lls  had a low plating  efficiency in  the  a g a r  m edium .
The m o re  ra p id  enhaj;iGomant o£ tran sfo rm a tio n  when the 
i r ra d ia te d  in fec ted  ce lls  w ere  p la ted  in  a g a r  w ith feed e r ce lls  a f te r  
a  delay of 48 houx’s is  a lso  d ifficu lt to in te rp re t. The re su lts  would 
ap p ea r to ru le  out the  p o ss ib ility  th a t .subculturing the  ir ra d ia te d .
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iîifoatecl c e lls  dmrmg their m cubation period on g las  a gave the  tran s­
form ed c a lls  a  se lec tive  advantage* The re a u lta  suggest th a t the 
ap p earan ce  of the  enhancing effec t in  a g a r  can  he coneidoraM y 
speeded up by the p re se n c e  of fe e d e r ce lls  in  the agar*
T h ere  a re  two p o ss ib le  e^cplanationa lo r  these re s u l ts .  The 
m ost likely  one is  b ased  on the re p o r t  by Stoker (1963b) th a t m ixed  
c lones of n o rm a l and  tra n s fo rm e d  c e lls  m ake up m o re  than  one th ird  
of the  to ta l co lon ies. M ixed clones a r e  thought to  be due to  delayed  
tra n sfo rm a tio n  w hich m ay occur up to 1 o r  8 genera tio n s a f te r  the 
exposure  of the c e lls  to  the  v iru s . If delayed tran sfo rm a tio n  w as 
a lso  im portan t in  the  p re s e n t  system , then c e lls  plated into a g a r  
without feeder c e lls  and before the n ecessary  number of g enera tions 
had  occurred to perm it the expression  of delayed transform ation, 
would be unable to fo rm  co lon ies in the a g a r . However, i t  was 
observed th a t when con tro l, uninfected BHK 21 C l3 ce lls  w ere  
p la ted  in  a g a r  w ith fe e d e r ce lls , m ost ce lls , in s tead  of rem ain ing  
a s  sing le c e lls , ap p eared  to  be in  groups of 4*8. This appeared  
to be due to  the  fe ed e r c e lls  causing  th e  uninfected  B H liE l CIS 
c e lls  to  divide Z to  3 tim e s  befo re  stopping. This effect w as
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s im ila r  to  tha t re p o r te d  by TJotta, F llkke and L ahelle  (1968) who-' 
found th a t conditioned m edium , in  a g a r  auapension medium, also' 
caused BHKZl CIS c e lls  to fo rm  em ail co lonies. It is  th e re fo re  
p o ssib le  th a t delayed  tra n s fo rm a tio n  could be ex p resaed  when 
in fec ted  ce lls  w ere  p la ted  out into a g a r  w ith feed e r c e lls  a f te r  48 
h o u rs . H ow ever, if fe ed e r c e lls  w ere  no t present then the 
infected c e lls  would no t e x p re ss  delayed tran sfo rm a tio n  un til they 
had been ab le  to  com plete  the n e c e s sa ry  d iv isions on g la ss  # th a t 
being after 96 h o u rs .
The other possib le  explanation of the  re s u l ts  obtained when 
irradiated in fec ted  ce lls  w ere plated into ag a r witli feeder ce lls  
is  th a t fe ed e r c e lls  can im prove the plating effic iency  of ce llo  both 
on g la ss  and in  agar. It ie  p o ss ib le  that, under the conditions u sed  
in  these experim ents, the feeder ce lls  can **rescue** irsradiatecl, 
infected ce lls  which would n o rm ally  be incapable of further 
p ro life ra tio n  in a g a r  suspension  m edium  without feed er c e lls .
The re s u lts  obtained when the i r ra d ia te d  in fec ted  ce lls  w ere  
sw am ped with S tim e s  th e ir  num ber of ir ra d ia te d  o r  u n irra d ia te d  
ce lls  suggest th a t a ra d ia tio n  induced se lec tion  p ro c e ss  w as not 
se lec ting  fo r  the tra n s fo rm e d  co lls  p re se n t In the population.
6o^.
If th is  type of se lec tio n  o c c u rre d  then  the p re se n c e  of an  ex cess  of 
i r ra d ia te d  o r  u n irra d ia te d , un infected  ca lls  would upset the conditions 
in the  cu ltu re  with the p robab le re s u l t  tha t the conditions p e rm ittin g  
the se lec tio n  p ro c e s s  would be a lte re d  and, th e re fo re , the enhance­
m ent would not be ex p re ssed . The re s u lts  show th a t the  enhancem ent 
s t i l l  o ccu rred , in  sp ite  of the p re se n c e  of an  ex cess  of uniiifected 
c e lls .
The re s u lts  obtained when BHK5H Cl 3 ce lls  w ere  i r ra d ia te d  a t 
d iffe ren t tim e s  befo re  in fection  showed that the sen s itiv ity  of the 
i r ra d ia te d  ce lls  to  tra n s fo rm a tio n  rem ain ed  high fo r  m o re  than  24 
h o u rs  a f te r  i r ra d ia tio n  and  w ere  v e ry  s im ila r  to  those  obtained by 
S toker (1964a) fo r polyom a v iru s  tran sfo rm a tio n  of X-irx^adiated 
BHK21 CIS c e lls . H ow ever, th e re  w as a m ark e d  d iffe rence  
betw een the  xzesuits re p o rte d  by Stokex* (1964a) and those  obtained 
in  the p re se n t study when the ce lls  w ere  ir^m diated a f te r  infection . 
B toker (1964a) found th a t when polyom a vlinxs in fec ted  ce lls  w ere  
X -ir ra d ia te d  up to 24 ho u rs  a f te r  infection  iiie re  was s t i l l  a  
tran sfo rm a tio n  enïiaîicem ent s im ila r  to tha t obtained when the  
co lls  w ore ir ra d ia te d  im m ed ia te ly  p r io r  to in fection . In the
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p ro 8ea t study with HV ra d ia tio n  a  s im ila r  eahaiicem ont fa c to r  wao 
obtained  whexi in fec ted  c e lls  w ere  Ir ra d ia te d  2 h o u rs  a l te r  infection, 
hut th e re  was no ap p a ren t enhancem ent when the c e lls  w ere  ir ra d ia te d  
4 h o u rs  a f te r  in fection . T h is d isc rep an cy  betw een the  e ffec ts  of U¥ 
rad ia tio n  and X -rad ia tio n  w as ra th e r  su rp ris in g  in  view  of the  app aren t 
c lo se  s im ila r ity  betw een the  two fo rm s  of rad ia tio n  v/ith re g a rd  to 
th e  enhancem ent of tra n s fo rm a tio n  by polyom a v iru s . Although 
con tro l ex p erim en ts  in the  p re se n t study showed th a t ir ra d ia tio n  of 
v iru s  p a r tic le s  with up to  tw ice the  m axim um  dose of HV ra d ia tio n  
given to  the c e lls  d id  no t sign ifican tly  affect the  ab ility  of the v iru s  
to  tra n s fo rm  BHIC21 C l 3- c e lls , i t  i s  possib le  th a t v iru s  p a r tic le s  
(which m ay be uncoated) in sid e  the  c e ll a r e  m o re  su scep tib le  to  the 
ac tion  of the tJV ra d ia tio n . It i s  p robab le  th a t in tra c e llu la r  v iru s  
is  no t inac tiva ted  by the  U ¥ ra d ia tio n  a s  the ta rg e t  s i^e  would s t i l l  
be v e ry  sm a ll com p ared  to the  ta rg e t  m m  of the  ce ll. T his would 
suggest tha t if; = re s id u a l v iru s  w as s t i l l  p re se n t when the  ce lls  
w ere  ir ra d ia te d  a f te r  Infection# rad ia tio n  se lec tio n  of ce lls  genet­
ic a lly  su scep tib le  to  tra n s fo rm a tio n  did not o ccu r. An a lte rn a tiv e  
in te rp re ta tio n  of th e se  re s u l ts  is  th a t the e a rly  even ts  leading to
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tran o fo rm atlo ù  occu r e a r ly  a f te r  in fection  so th a t ir ra d ia tio n  4 
h o u rs  a f te r  in fection  of the c e lls  with polyom a v iru s  w as too la te  
to influence the  tra n s fo rm a tio n  ra te .
The re su lts  re p o rte d  in  th is  ch ap te r show th a t c e lls  ir ra d ia te d  
w ith XJ¥ rad ia tio n  a r e  m o re  su scep tib le  to tra n s fo rm a tio n  by polyom a 
v iru s . It seem s like ly  fro m  the re su lts  th a t th is  in c re a se d  
su scep tib ility  i s  due to  the d ire c t  ac tion  of the  rad ia tio n  on the 
c e lls . P o ss ib le  m ech an ism s which m ight explain  th is  effect a r e  
d iscu ssed  in the G en era l D iscussion  in  the light of the  m o re  g en e ra l 
rad iob io log ica l s tud ies re p o rte d  in  the  next ch ap te r.
C H A P T E R  V
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1. G enera l Xntrocluction
The re su lts  re p o rte d  in  the p reced ing  chapter* oho wed that 
BX-K21 013 cello  which had  been ir ra d ia te d  with UV' ligh t w ere  
m o re  onsceptib le to  tra n s fo rm a tio n  by polyom a v iru s .
The re su lts  re p o rte d  in  th ia  ch ap te r a r e  concerned  with m ore  
g en e ra l rad iob io log ica l otudiec, p e rfo rm ed  in  the  hope th a t th ese  
would th row  eomo ligh t on the  m echan ism  of ÙV induced enhance­
m en t of tra n sfo rm a tio n . S ev era l experim en ts  w ere  concerned  
w ith UV ra d ia tio n  induced damage# because it  ap p eared  possib le  
th a t the  v ira l  genom e m ight be in teg ra ted  into the  BHA of the c e ll  
m o re  effic ien tly  during  re p a ir  of dam age to the c e llu la r  DNA.
Many of the  m ethods u sed  in  the following ex p erim en ts  d iffe red  
fro m  those  u sed  rou tine ly  and a r e  th e re fo re  d esc rib ed  in the 
re le v an t sec tion  ra th e r  than in  the ch ap te r on m ethods.
2. The effect of UV ra d ia tio n  on in te rfe ro n  production
(a) In troduction
In terfe ro n , a  potent inh ib ito r of v ira l  nucle ic  ac id  rep lica tion , 
w as f i r s t  re p o rte d  by Isaacs  and M ndenm ann (1937). C ells which
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have been incubated  w ith in te rfe ro n  show som e d eg ree  of re a is ta n c e  
to v ira l  infedtioai* In te rlo ro n s  produce th e ir  a n tiv ira l effec ts  by  
inducing c e llu la r  p ro ceeaee  which involve eyntheaia of both R N A  
and  p ro te in  (T ay lor, 1964; L ockart, 1964; Fifiedm aii and  Sorniabend 
(1964),
Be M ao y er-G uignard  and Be M aeyer (1963) showed th a t UV 
ir ra d ia tio n  of r a t  em bryo  c e lls  p r io r  to  v ira l  in fec tion  d ec reae ed  
in te rfe ro n  y ie ld s  and in c re a se d  the  sisse of Sindbis v i r a l  p lagues. 
C ogniaux-Be Clerc# Bevy and W agner (1966) have re la te d  the  UV 
dose to the in te rfe ro n  syn thesie ing  capacity  of the c e lls . They 
found tha t UV inactiva tion  cu rv es  fo r  in te rfe ro n  p roduction  did  no t 
dev ia te  sign ifican tly  from  ’*one-hit^* k in e tic s . They have suggested  
th a t each  effective UV ®*hit^ * dam ages a  sh%gle in te rfe ro n -sy n th es is in g  
ta rg e t  which m u s t be lo ca ted  in  the  c e llu la r  BHA, T his w ork has 
been confirm ed  by B urke and M o rriso n  (1966).
Although the doses of UV ra d ia tio n  u sed  in  the  ex p erim en ts  
d e sc rib ed  above w ere  la rg e r  than  those  u sed  in  the p re se n t study, 
i t  was p o ss ib le  th a t the  doses of rad ia tio n  given to the B1EC21 C l3 
cells# before in fec tion  w ith polyom a v iru s , m ight have red u ced  the
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in te r fe ro n -syn thesia ing  capacity  of the  cells# II in tm ie to n  p roduction  
w as reduced , then  the  tra n s fo rm a tio n  of th ese  ce lle  m igh t be expected  
to  in c re a se . A llison  (1961) found tha t polyom a v iru s  w as su scep tib le  
to in te rfe ro n  amd T odaro  and B aron  (J963) have shown that, although 
SY40 v iru s  does not mi%ltiply in  3T3 c e lls , tra n sfo rm a tio n  of th ese  
cell® by SY40 is  inh ib ited  by in te rfe ro n . E xperim en ts  w ere  p e rfo rm ed  
to  te s t  the hypothoais th a t in te rfe ro n  production  could be d is ru p ted  by 
UV rad ia tion , re su ltin g  in  am enhanced tran sfo rm a tio n  ra te  by polyom a 
v iru s .
(b) M ethods
6M onolayers of 10 BHIC21 G13 ce ils  w ere  ir ra d ia te d  with a  dose 
of 114 e rg s /m m  (equivalent to the m axim um  dose u sed  in  the  a g a r  
tra n s fo rm a tio n  experim ents)#  H alf of the ir ra d ia te d  p la tes  and an 
equal num ber of- co n tro l u n irra d ia te d  p la tes  w ere  then in fec ted  with 
polyom a virus at an feput m u ltip lic ity  of 800 p, I. u# p e r  ce ll. The 
rem ain ing  p la te s  w ere  uninfected co n tro ls . 'A lte r the  infection  
p e rio d  S m l of ETC  w ere  added to each  plate and a ll  the  p la te s  w ere  
Incubated a t  37^G for 24 h o u rs . A t the  end of the  24 hour Incubation 
p e rio d  the  m edium  was rem oved  fro m  each  of the  fou r groups of
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p la te s  and pooled to  give four sam p les  of m edium  fro m  (a) c e lls  
uninfected  and u n ir ra d ia te d  (b) ce llo  in fected  and u n irra d ia te d
(c) ce lle  un infected  and ir ra d ia te d  (d) c e lls  in fec ted  and ir ra d ia te d .
The four sam p les  of m edium  w ere then te s te d  fo r the  p re se n ce  
of in te rfe ro n  by a m ethod  s im ila r  to  tha t f i r s t  d e sc rib ed  by W agner 
(1961). F re s h  m ono lay ers  of approx im ate ly  10 BHK21 €13 co lls 
w ore  w ashed tw ice in  PBS and divided into five g roups, 4. B m l cf 
fro m  O3%0 of the  batches of pooled m edium  was added to  each p la te  
in  one of the g roups of f re e h  m ono layers . T h is was done fo r each 
of the batches of medium* The rem ain ing  group of p la te s  rece iv ed
4. B m l of f re e h  ETC . A ll the p la te s  w ere then incubated  a t  37^G 
foi' Z4 h o u rs .
A,t the end of the  24 hour incubation period  the m ono layers  w ere  
asSciyed fo r re s is ta n c e  to plaque fo rm ation  by a sm a ll plaque s tra in  
of encephalom yocard itls  (EMC) v iru s , using  the a s s a y  m ethod 
developed by D ulbecco (1952) fo r  W estern  equine encephalom yelitis . 
The m edium  on a ll  the  p la te s  w as d isca rd ed  and th e  p la tes  w ashed 
tw ice in  TB W th 1% ca lf se ru m . The p la tes  which had  rece iv ed  
f re s h  ETC 24 h o u rs  befo re  had 0* Z m l of TS w ith 1% ca lf se ru m
73.
added to them. The rem am m g p la te s  w ere inocu lated  w ith app ro x ­
im a te ly  60 p. f .u .  of EMC v iru s  m  0. Z m l of TS with 1% ca lf se ru m . 
A ll the  p la te s  w ere  them incubated  a t  3T^G lo r  30 m inu tes to allow  
th e  v iru s  to ad so rb  to the m ono layer and they w ere  shaken a t 10 
m inute in te rv a ls  during  th is  p e rio d  to en su re  an  even sp re a d  of the 
v iru s  over the m onolayer*
A t the end of th e  ad so rp tio n  p e rio d  any ex c ess  v iru s  was rem oved  
and  the  m ono layers w ere  o v e rla id  with $ m l of DEAE de^Gtran/Noble 
a g a r . The p la te s  w ere  incubated a t 37^C fo r 30 ho u rs  befo re  being 
s ta ined  with n e u tra l red# fixed  with fo rm a l sa lin e  and the  m ono layers  
sc o re d  for plaques.
In addition, m  order to investigate w hether c e lls  which had  been  
t re a te d  w ith polyom a v iru s  w ere  re s is ta n t  to  plaque fo rm ation  by EMC 
v iru s , m ono layers of BHEBl Cl.3 ce lls  which had  been  ir ra d ia te d  
.and/or in fec ted  w ere  a ssa y e d  fo r  re a is ta n c e  to  plaque fo rm atio n  by 
EMC v iru s .
(c) EesuXt©
The ré su lta  of the f i r s t  s e r ie s  of exp erim en ts  a r e  shown in  
T able 13. T hese  w ere  p e rfo rm ed  to  te s t  for the  syn thesis  of in te r ­
fe ro n  by the  v a rio u s ly  tre a te d  m ono layers  and showed th a t not
In cu b a t io n  w ith  m e d iu m  f ro m
No. of m o n o la y e r s  t r e a t e d  with : - No. of EM C p la q u e s /
P la te s UV i r r a d i a t i o n  P o ly o m a  
(114 e r g s / m m ^ )  V iru s
p la te  '1 2 X S. E.
10 60. 7 ± 4. 5
9 + + 53. 5 ± 2. 8
10 + " 53. l-.± 3. 6
8 ' 6 1 .5  i  2. 8
10 C o n tro l  - No EM C v i r u s 0
T ab le  13, P la q u e  in h ib i t io n  by m e d iu m  f r o m  
m o n o la y e r s  of BHK21 C l 3 c e l l s  
t r e a t e d  w ith  UV r a d ia t io n  a n d / o r  
p o ly o m a  v i r u s .
enough Interferon was re le a s e d  into the m edium  to  have any effect
on the num ber of plaques fo rm ed  by the EMC visms which had  been 
produced  in  f r e s h  m onolayers# incubated  m  th is  m edium . F u r th e r ­
m o re , r a th e r  than th e re  being a  rise# when the  m onolayers w are  
tre a te d  with m edium  fro m  irradiated#, in fec ted  m onolayers# th e re  
w as a  b a re ly  sign ifican t fa ll in  the  num ber of p laques form ed. T his 
fa ll  was iden tica l to  th a t found when the  m ono layers w ere  tre a te d  
w ith m edium  fro m  c u ltu re s  which had been i r ra d ia te d  only.
In the second s e r ie s  of exp erim en ts  m ono layers of BHK21 
CIS c e lls  w ere  i r ra d ia te d  with tîY  ligh t a n d /o r  in fec ted  with 
polyom a v iru s  and te s te d  for resistan ce to plaque fo rm atio n  by 
KMC v iru s  a t  4 and 24 hours a f te r  th e  ir ra d ia tio n  a n d /o r  Infection. 
The re su lts  a r e  given in  T able 14.
When the m ono layers w ere  te s te d  4 h ou rs a l te r  the in itia l 
tre a tm e n t the m ain  re s u l t  o b se rv ed  was a m ark ed  iiiliibition in  
the number of plaques produced  by the  EMC v iru s  in. the c u ltu re s  
p rev iously  in fec ted  w ith polyom a v iru s . T h ere  was# how ever, no 
significant d iffe rence  in  the num ber of p laques fo rm ed  in  m onolayers 
which had hem t e ith e r  irradiated and in fec ted  o r  ju s t  Infected, 
S im ila rly , th e re  w as no a lgn ifican t d iffe rence  betw een Ir ra d ia te d
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and unir radiated, uninfected m onolayers.
When the monolayer® were Infected with EMC virus 24 hours 
a fte r treatm ent, the number of plaques In the control was slightly 
lower than a t 4 hours - 44 .4  ^ 2. 3 as opposed to 63. 8 i  4 .7  plaques 
per dish. There was s till fa irly  good agreem ent between the number 
of plaques obtained with EMC virus iu  the irrad iated , polyoma virus 
infected cultures and the unirradiated polyoma virus infected cultures. 
The degree o£ v ira l inhibition waa not as m arked afte r 24 hours 
incubation as it had been afte r 4 hours incubation.
There was thus no evidence obtained to suggest that the 
Irradiated cultures wore any m ore sensitive to plaque formation 
by EMC virus than the controls under the experim ental conditions 
used.
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3# The sen s i t iv ity  of n o rm aJ and tra n s fo rm e d  BHK21 G13 ce lle  to
... — L -..,    -------------- 1-  . ' .  ■-— :— '-----------------------------------------------    — " 1 — r ~ " ^ r r ^ * ^ r ‘^TTrT^~fT
ÜV rad ia tio n
(a) In troduction
R adiation  dam age iu  b io log ica l o rg an ism s ie  com m only m e a su re d  
by determ in ing  the  p ro p o rtio n  of c e lls  which can  p ro life ra te  to fo rm  
colonies a f te r  v a r io u s  do ses  of rad ia tio n . The re su lta n t su rv iv a l 
cu rv e  g ives a  re la tiv e  m e a su re  of the effect of the  rad ia tio n . S u rv iva l 
cu rv es  fo r c e lls  a r e  u su a lly  of the  ”sigmoid*^ o r  "Type C" fo rm  in  
th a t th e  cu rve  is  com posed  of an  in itia l shou lder f*egion follow ed by a  
reg io n  of exponential o r  n e a r  exponential decline  (Alper# Fowler# 
Morgan# Yondborg, E llis  and Oliver# 1962). When su rv iv a l cu rv es  
a r e  of th is  type they  can  be c h a ra c te r is e d  by th re e  p a ra m e te rs :
(1) the  dose re q u ire d  to  reduce  the su rv iv ing  fra c tio n  by 
63% from, the  value  ob tained  in  the u n irra d ia te d  co n tro ls .
(2) D^, the dose re q u ire d  to reduce the su rv iv ing  fra c tio n  by 
63% on the exponential p o rtio n  of the  cu rve.
(3) n, the o b se rv ed  ex trapo la tion  num ber, ob tained  by e x tra ­
polating  the  exponential p a r t  of the  cu rve  back to isero dose on the  eemi^ 
lo g arith m ic  p lo t and read ing  off the fra c tio n a l su rv iv a l (Alper# G illie s
79.
and Elkind, I960).
is  a  m e a su re  of the extent of the shou lder of the cu rve  and 
m e a su re s  the slope of the exponential reg ion  on a  sem ilo g arith m ic  p lo t.
S toker (1963a) could d e tec t no d ifference betw een the  su rv iv a l 
cu rves of polyom a v iru s  tra ils  fo rm ed  BX-K 21 ce lls  and u n tran sfo rm ed  
BÏIE 21 c e lls  a f te r  É!-ir ra d ia tio n . However, W illiam s and T ill (1966) 
found th a t som e es tab lish ed  lin es  of polyom a v iru s - tra n s fo rm e d  ra t-  
em bryo  ce lls  w ere  le s s  sen sitiv e  to X -rad ia tion  than  e ith e r  n o rm al, 
m tra n e fo rm e d  r a t  em bryo  cells# o r  tra n s fo rm e d  c e ll lin es  which had 
been  cu ltivated  in  v itro^fo r le s s  than  1 w eeks.
S urv ival cu rv es  w ere  d e te rm in ed  fo r BHK 21 C l 3 cello  and two 
lin e s  of polyom a v iru s  tra n s fo rm e d  BHK 21 C l 3 ce lls  designated  
FyHS and PyH6. The surviv£il cu rv es  fo r a ll th re e  lin es  w ere  
d e te rm in ed  on g la ss  w ith and w ithout feed er c e lls . S u rv ival cu rv es  
fo r the tra n s fo rm e d  lin es  w ere  a lso  d e te rm in ed  in  ag a r suspension  
m edium  w ith and w ithout fe ed e r c e lls .
(b) R esu lts
The re s u lts  of the su rv iv a l curve de te rm in a tio n s fo r n o rm a l and 
polyom a v iru s  tra n s fo rm e d  BHKEl G13 c e lls  a r e  shown in  T able IB
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and FigtîsreB I I# 1 4. The a rav iv a l cu rves w ere  of the n o rm a l "Type 
C" fo rm . Those on g la s s  w ere  baaed on a t  le a s t  eight se p a ra te  
d e te rm in a tio n s  of each  %mrve and those  in  a g a r  w ere  baaed  on a t 
le a s t  five s e p a ra te  d e te rm in a tio n s .
BHK2I C IS ce lls  w ere  m o re  sen sitiv e  than FyHS ce lls  to  IJY 
ligh t o ver the exponential po rtion  of the cu rve e ith e r  'with, o r  without,
feed e r c e lls . The values fo r BFJKEl CIS co lls  w ere  59. 5 i  5. 6
2 2 
e rg s /m m  in  the  p re se n c e  of fe e d e r c e lls  and 39. 6 i  4. 9 e rgs/rnxn
In the  absence  of fe ed e r c e lls . The equivalent D . values fo r FyHS
c e lls  w ere  7 3 .4  i  4. 3 e rg s /m m  "' and  54, 2 i  4, 3 e rg s /m m  . The
values fo r both n o rm a l and tra n sfo rm e d  ce lls  w ere  sign ifican tly
h ig h e r when th e  c e lls  w ere  p la ted  onto feed er ce lls  than  when p la ted
in  th e ir  absence .
S im ila r re s u lts  w ere  obtained when FyH3 ce lls  w ere  p la ted  on 
g la ss  o r in a g a r . The m ean  v a lues  fo r when th e  ce lls  w ere
p la ted  m  ag a r, ap p eared  sligh tly  low er than fo r those  p la ted  on 
g la ss  but the tw ice s tan d a rd  e r r o r  lim its  o verlap . The values fo r 
w ere  v e ry  s im ila r .
In o rd e r  to allow  fo r the  k illing  of the ce lle  by the ir ra d ia tio n
Seconds a t  I 7 ergs/mm /s e c
4^
rH
.[.3 d
rH w
<yCO
(Ü
W
Q)
fd 'P
0
•P •H
(C «"d
•H d
U
(Ü U
U •H
M îd
büoi_q
4 8 12 1( 20
1 . 0
2.8
2.6
^ .8
10 Feeder C e l l s /P la te  
No Feeder C ells
3.4
X)
3 . 2
FIGURE 11. UV R ad ia tio n  S u rv iv a l Curves f o r  BEK21 CI3 C e lls
P la te d j w ith  and w ith o u t Feeder C ells^ on G lass.
-H
r - \
ui
M
m
•H
A
•Pi~Jdw
s
•d0
•H
I
•H
;§
bO
3
0
Seconds a t  17 ergs/mni / sec»
8 12 16 20 24
8
6
.4
1*2
1 . 0
2.8
2.6
2 .4
2 . 2
2 .0
3.8
10 Feeder C e l l s /P la te  
No Feeder C e lls
FIGURE 12. U^ / R ad ia tion  S urv iva l Curves fo r  Py!f5 C ells  Plated^
w ith  and w ithout Feeder C e l ls ,  on G lass.
Se concis a t  17 ergs/trxn / s e c .
12 Sû.
r - l
2,8
2.6
2.4
2 .0 Glass
Agar3.8
3.6
FIGUIRE 1^, IJV R ad ia tio n  S u rv iva l Curves f o r  Pyïî3 C e lls  P la te d ,
w ith o u t Feeder C e lls , in  Agar and on G lass .
4 ^
r _ j
• p d
r*-I to
0  '
10 QA
<u
PI n j
0
r d • P
0 oj
f d
• r l c3
r d P
03 Uu
u g
P I
0
2
Seconds a t - 17 ergs/m:n / s e c .  
4 8 12 l6 2 0
2 .8
2 . 0 Glass
Agar
FIGURE 14. UV R ad ia tion  S urv iva l Curves fo r  C e lls  P la te d ,
w ith  10 Feeder C e l l s / p l a t e ,  in  Agar and on G lass .
8L
the  mmmber of ce lls  platocl out in  tW ee oxperimoat© had  to  be iu e re a se d  
with mcreaBiag- dosage-» It w as found tha t when m o re  than  4, 000 te s t  
co lls  w ere  p la ted  p e r  60 m m  P e tr i  d ish  fo r colony fo rm ation  the 
su rv iv a l cu rve  tended  to  dev ia te  fro m  the exponential p a r t  of th e  
c u rv e 4 This w as poosiM y due to a  v e ry  sm a ll p ro p o rtio n  of the 
ce lls  (leas than  l%i) which w ere  p a r tia lly  p ro tec te d  fro m  the i r ra d ia tio n  
dose by the sk ies  of the  d ish  In which they w ere  ir ra d ia te d . Altern-* 
atlvely , the g re a te r  num ber of c e lls  p e r  un it a r e a  could have produced  
a  feeder effect r e  su iting  in  a  g re a te r  su rv iv a l of the I r ra d ia te d  ce llo .
There was no significant d iffe rence  betw een the  su rv iv a l cu rv es  
ob tained  for ,PyH3 ce lls  and PyM^ ce llo .
4% Tim sen s itiv ity ,o f.a ,jitear fccstraploid line, of BjllCgl .ce lls  {4n 
B ff ii21) to  W  ra d ia tio n
(a) In troduction
The BHKEl C l3 cello , transform ed by polyom a v iru s , which 
w ere  te s ted , w ere  le s s  sen s itiv e  to  the effects  of UV ligh t than  the 
u n tran sfo rm ed  cells* M aepheraon (1963) has re p o rte d  th a t a  
polyom a v iru s  tra n s fo rm e d  clone of BHE El C l 3 c e lls  « clone
82-
C13^TC4  ^ had a  tendency to accum ula te  chrom osom e abnorm alities 
and te t'rap lo id  c e lls , although th ese  ab n o rm a litie s  w ere  not im m ediately  
acaociaW d with tran sfo rm a tio n . The low er sen sitiv ity  of the 
transform ed ce lls  tested  could he  due to  tlie ir  containing m o re  DMA 
and hence m o re  targets. The 4 u  BÏ“K E l  ca lls  contain  a lm o st tw ice 
the  amount of DMA present m  n o rm a l BHKEl CIS ce lle  and su rv iv a l 
curves of th is  line  of c e lls  w are  determ ined to investiga te  w hether 
c e lls  containing m o re  DMA w ere  le s s  sen sitiv e  to  the  effects of DV 
rad ia tio n .
(b) Ee.sul.ts,
The re s u lts  a r e  shown in  F ig u re  15. F ive s e p a ra te  de term ina tions 
of each curve w ere  p erfo rm ed . Wlien the I r ra d ia te d  4 n  BHIiEl c e lls  
w ere  p la ted  w ith or without feeder ce lls  the  va lues w ere  h ig h er than 
those  obtained for BÎIK21 C IS cells* When the 4 n  BHE21 ce lle  w ere  
p la ted  w ith feed er ce lls  th e  value was IS9* 6 ^ 8 . 1 e rg s/m m '^  and
2
when p la ted  without feeder c e lls  the  value w as 109* 4 9* 0 e rg s /m m  .
The values for D^ fo r 4 n  BMICEI ce lls  w ere  66. 3 ft. 7 erga/m m ^  
fo r  c e lls  p la ted  w ith feed e r c e lls  and 5 6 .1 4 5 . 1 e rg s/m m . for those 
p la ted  w ithout fe e d e r c e lls . T h ere  w as, th e re fo re , an  in c re a se  in the
2
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FIGURS 15* W  R ad ia tio n  S u rv iv a l Curves fo r  4n BHK21 C ells
P la te d , w ith  and w ithou t Feeder C e lls , on G lass .
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^ 3 ?  com pared  to th a t fo r  BHK21 CIS ce lle  biît only a  elight
Inereaao  in  the  D value.
S, F a ilu re  to  iso la te  u ltra v io le t r e s is ta n t  B B Ii ?4 CIS cello  and
fa ilu re  to t ra n s fo rm  colla by u ltrav io le t ir ra d ia tio n  alone*
(a) In troduction
Laa su eu r (1904) f i r s t  re p o rte d  th a t re p ea ted  dose a of X -raya  
caused  som e tmtJ.ours to  becom e ra d io re s is ta n t. T his re s u lt  
suggested th a t i t  m igh t be poaBible to  produce a  population of 
BlilCBl CIS c e lls  which would be re s is ta n t  to  ÎÎT ra d ia tio n  if a 
n o rm a l population w ere rep ea ted ly  exposed to UV rad ia tion .
R epeated  expo su re  of a  population of c e lls  to UV rad ia tio n  
m igh t a lso  lead  to  m orphological tra n sfo rm a tio n  o r  to  the  ab ility  
to  form  colonies In a g a r . B lum  (19i9) has shown th a t tJ¥  ligh t 
can cause akin tum o u rs  in  m ice  and th a t the p re se n c e  of can cer 
induction in m ice  by BY ligh t is  a  cum ulative p ro c e s s . T ran e - 
form ation in v itro  by U ¥ rad ia tio n  has not been d em o n stra ted  but 
B o tek  and Sachs (1966) have re p o rte d  tha t a  sing le  300 v dose of 
X -rad ia tio n  w ill t ra n s fo rm  about 0, 5 -  of n o rm a l h a m s te r  ce lls  
I r ra d ia te d  In v itro .
E xposure  of B ïiK B l C l 3 ce lls  to rep ea ted  high doses of UV
rad ia tio n  in te rs p e r s e d  w ith p e rio d s  during which the  ce lls  w ere
op e rm itted  to rectover a t  37 G could lead  to m u tagenesis  of som e 
of the  c e lls . F o r  exam ples they m ight acq u ire  the ab ility  to fo rm  
colonies in  a g a r . R epeated  d oses of BV rad ia tion  could a lso  lead  
to se lec tion  of p re -e^d stin g  o r induced m utan ts which w ere  re s is ta n t  
to  BV radiation*
A s e r ie s  of exp erim en ts  w as p e rfo rm ed  to investiga te  the two 
following p o ss ib ilitie s : (a) th a t re p ea ted  exposu res of a  population
of BHK21 G13 ce lls  to  U ¥ ra d ia tio n  would give r i s e  to  a  ce ll line 
which w as re s is ta n t  to  the effects  of tJ¥  rad ia tio n  and (b) th a t 
som e ce lls  which had  been rep ea ted ly  ir ra d ia te d  w ith BV light 
m igh t show m orpholog ical tran sfo rm a tio n  o r the ab ility  to fo rm  
colonies in  ag a r.
(b) Method
M onolayero of CIS ce lls  w ere i r ra d ia te d  w ith a  dose of
Z140 e rg s/m m * ' ev e ry  24 ho u rs  fo r up to 7 days. A fte r each tre a tm e n t 
a ll the m ono layers w ere  incubated  a t 37 C fo r 24 h o u rs . At the end 
of each incubation p e rio d  sam p les of the ce lls  w ere  ir ra d ia te d  fo r 
su rv iv a l cu rve  d e te rm in a tio n s and p la ted  w ith feed e r c e lls  on g la ss .
85.
A lterna tive ly  they  w ere  p la ted  m  a g a r  without feed er cello  to
m vestig a te  w hether any of the  cells- w ere  transform ed and th e re fo re
could grow  in  ag a r suspension  medium*
B orek  and Sacha (1967, I960) have shown a fixation  of the
tra n s fo rm e d  s ta te  in  ce lls  exposed to  X -ray s , if the  i r ra d ia te d
oce lle  w ere  incubated a t  24 C* hi two experim en ts  the  tre a te d  
ce lls  w ere  incubated  a t  e ith e r  4^G o r  3E^G fo r 24 hours im m ed ia te ly  
a f te r  the  la s t  I r ra d ia tio n  treatm ent. They w ere  then  p la ted  out in  
a g a r  at $7^C fo r  oolony fo rm ation  a s  an index of tran sfo rm a tio n . 
T h is w as to d e te rm in e  w hether Incubation a t  d iffe ren t tem peratures 
would have any effect on tra n sfo rm a tio n  due to  BY irra d ia tio n  alone.
(c) Eeaults.
The fina l populations of ce lls , even a f te r  Î  days ir ra d ia tio n  
tre a tm e n t showed su rv iv a l cu rves which did not d life r  s ign ifican tly  
from  those obtained using  u n irra d ia te d  con tro l c e lls . F o r  exam ple,
the  and values, fro m  i  se p a ra te  determ inations, for ce lls
2 2 tre a te d  fo r 1 days w ith 140 erg  a /m m   ^ w ere 108.1 i* 13. 7 e rg s /m m '
and 36 .4  %' 9# 1 e rg s /m m  re sp ec tiv e ly , w hereas fo r the controls
2 2 they  w ere  111.2  ^ 8, 2 e rg s /m m  and 39. 7 t  4. 0 e rg s /m m  . The
86.
plating  efficiency how ever fo r th is  c e ll population w as 8, 7 i  2. 9% 
aa opposed to  69. 2 i  4. 8% in th e  con tro ls . T h ere fo re  rep ea ted  dose a 
of ITT rad ia tio n  4M not appear to  cause a  population of BHK31 CIS 
ce lls  to  becom e m o re  re s is ta n t  to ÜT rad ia tio n  in  th is  sy stem .
T h ere  w as no evidence to suggest th a t th e re  was any m utation  of 
c e lls  giving U ¥ re s is ta n t  ce lls  o r se lec tion  of th ese  m utated  co lls 
re su ltin g  in  a  r e s is ta n t  population#
Irra d ia te d  ce lls  did not show random  grow th when p la ted  out on 
g la ss  and those ca lls  which had been p la ted  in  a g a r e ith e r  w ith o r 
w ithout te m p e ra tu re  tre a tm e n t did not show a sign ifican tly  d iffe ren t 
num ber of colonies grow ing when com pared  with the  u n irra d ia te d  
co n tro l c e lls  p la ted  in  a g a r . It app eared  th e re fo re  that? in  th is  
sy stem , repeated i r ra d ia tio n s  of BHIC El CIS ce lls  did not lead  to 
tra n sfo rm a tio n  of th o se  c e lls ,
6, A ttem pted  photor eact  ivat ion of B H E IZ IC 13 ce lls  a f te r  BV ir ra d ia tio n
(a) Introduction
Photoreaetivation, a  re p a ir  m echan ism  concerned  w ith the 
recovery of o rg a n ism s from  dam age due to BT irx*adiation, was
87.
d isco v ered  by K olner (1949). Xaggex’ (1958) has  defined photo- 
reactivaticm  a s  "the a*estora.tion of Ü V' rad ia tio n  les io n s  in a  b io log ical 
sy s tem  with ligh t of w avelength longer than th a t of the dam aging 
ra d ia tio n ” . The m ost com m on lesio n s in the DNA a re  pyrim id ine 
and, in p a r tic u la r , thym ine d im e rs  (B enlw rs and B erends, I960).
It was shown by Wnlff and R upert (1962) tha t thym ine d im ers  a r c  
e lim ina ted  fro m  DKA by a photox’cactivating  erAsiyme* This ensym e 
a c ts  by sp litting  the d im ers  in  the p re se n c e  of light. It has been 
dem o n atra ted  in m any m ic ro -  and h igher o rg an ism s (dagger, 1968; 
Blum, 1959; Betlow, 1966), It has not been c le a r ly  d em o n stra ted  
in m am m alian  c e lls .
C leaver (1966b) looked fo r pho to reactiva tion  in th re e  e s tab lish ed  
m am m alian  lines  and in one p id m ary  m am m alian  cu ltu re . He fa iled  
to find any tra c e  of pho to reactiva tion  in the ce lls  which he used .
He rev iew ed  the data p rev iously  published and concluded that, in  a ll  
p robab ility , m am m alian  ce lls  did not have a  pho to reactiva tion  
m echan ism .
It ap peared  possib le  tha t if photox’eactiva tion  o c c u rre d  in BHIC 21 
G13 ce lls , in teg ra tio n  of;.polyoxm v iru s  DMA m ight be affected  e ith e r
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by the p reeen ce  of py rim id ine  d im era  in the DMA o r by th e ir  being 
sp lit. A ll the tra n sfo rm a tio n  expérim en ta  w are  p e rfo rm ed  under 
n o rm a l conditions of lab o ra to ry  lighting and th ese  conditions m ight 
have p e rm itted  a  c e r ta in  am ount of pho to reactiva tion  to  occu r. A 
a e r ie s  of expérim en ta  w as p e rfo rm ed  to find out U BIECEl CIS cello  
showed photoz’cac tiva tion  o r not.
(b) Method
M onolayers of BHK21 C l3 ce lls  w ere  i r ra d ia te d  fo r su rv iv a l 
curve d a te rm in a tio n e . A ll irradiations w ere c a r r ie d  out in  the 
absence  of any light, other* than  th a t fro m  the UV so u rce . Half 
the  plates w ere  kep t in darlm ese and the  o ther ha lf w ere exposed? 
fo r p e rio d s  of tim e  extending f ro m  one minute to  two h o u rs , to  
either a  W arm  W hite s t r ip  ligh t (P h illip s  - M CFE 63/80w /E9) or 
to  bright sunlight. Both types of ir ra d ia tio n  w ere  c a r r ie d  out in  
60 m m  g la ss  P e tr i  d ish es  W th a t any tlV ligh t - p a rticzd arly  from  
th e  sun - would be filtered  out by the  g lass  lid  of the P e tr i  d ish .
A ll the p la te s  w ere  re tu rn e d  to the dark . A ll m anipu lative 
p ro ced u res  wex^e c a r r ie d  out using a Kodak Safe L ight fi&ax* 
("W rattan ’* a e r ie s  OB L im e-Y ellow ) a s  the only so u rce  of illu m ­
ination . This f i l te r  did not allow  ligh t of w avelength shorter than
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S, 000^ to paaa through it . . This is  w ell above the m o s t effic ien t 
w avelength fo r pho to reactiva tion  which is  3, BOOÂ (dagger, 1958).
The cell#  w ere  then  p la ted  out with feed er c e lls  in  o rd e r  to 
d e te rm in e  the su rv iv a l cu rv es . The p la tes  w are stacked  in  new, 
sea led  b iscu it tin s , which had been lined  with m e ta l fo il to p rev en t 
light reaehm g the ce lls  during  colony growth. The tin s  w ere  gasaed  
with a  m ixture of B% CO^ in a i r  befo re  sealing.
(c) R ésu lta
There was no sign ifican t d iffe rence  between # e  aixrvival cu rv es
obtained when c e lls  w ere  exposed to light or kept in  darkneaa a f te r
Irra d ia tio n , F o r  exam ple, c e lls  exposed to the s tr ip  light fo r  Z
hours before being returned to the Mark had p lating efficiency,
and D_ values of 6.7, 7 t  3* 0, 113, 6 ^  0, 0 ergs/m m '*  and 61, 7 3. 9
Ze r g e /m m \  The equivalen t v a lu es  obtained fo r ce lls  kept com pletely
in  the d a rk  w ere  66, 9 - 4. 0, 117# 2 $ 9. Z e rg s /m m ^  and 57, 6 i  5, Z 
Ze rg s /m m  . Those values a r e  d e riv ed  fro m  § se p a ra te  d e te rm in ­
ation# fo r each cu rv e .
Ho evidence w as obtained to  suggest tha t BHK?4 C l3 co llé  have 
a  5>hotoreactivation m echan ism . This re su lt  is  in  ag reem en t w ith
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the  conclusion drawzi by Cleaver (1966b) tha t such a m echanism  is  
ab sen t fro m  m am m alian  c e lls ,
7, R ep a ir of subXethal radiatiOB dam age in BÜK2I CIS ce lls
(a) In tro d w tio n
Elkind and Sutton (I960) d em o n stra ted  the re p a ir  of auM ethal 
dam age in  C hinese hamster* c e lls  a f te r  acu te  X-radiation doses, by 
frac tiona ting  the dose of X -rad ia tio n  given to the c e lls . The n o rm a l 
su rv iv a l cu rve  fo r m am m alian  ce lle , a f te r  X -irrad ia tio n , is  a  
th re sh o ld  typo eux*ve. T his is  o b se rv ed  both w ith asynchronous 
populations (Klkind and ‘W hitm ore, 1967) and w ith synchronous 
populations (T e rae im a  and  Tolmach? 1963) irx*adiated a t  different 
p e rio d s  during th e ir  grow th cy c les . The p re se n c e  of a  shoulder 
on the  su rv iv a l cu rv es  m eans th a t dam age m u st be accum ula ted  fo r 
a  le th a l effect. Surviving ce lls  m ust, th e re fo re , be euM ethally 
affec ted  (Elkind and Button, I960) and probably  the  only d iffe rence  
betw een le th a l and auM ethal dam age is  deg ree ,
E lkind and Sutton (I960) showed that? during the in te rv a l . % 
between the tim e of ir ra d ia tio n  and the ex p ress io n  of surviving^
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p ro life ra tiv e  ab ility , c e lls  could re p a ir  aiibletlml dam age. They 
U0@cl a  frac tio n a ted  dose technique by which they gave the  ce lls  an 
in itia l dose of ra d ia tio n  su ffic ien t to  overcom e the  th re sh o ld  effect 
and follow ed th is  by a second dose a f te r  vary ing  p erio d s  of tim e .
When the second dose was given, shortly a f te r  the first?  before 
sub lethal re p a ir  could have an  effect, the inactivation  of the 
proliferative ab ility  of the cello  continued to show the  sam e k in e tics  
a s  those m  the control ce lls . However, when the second dose was 
given after longer p e rio d s  of tim e, the su rv iv a l cu rve, in s tead  of 
following the co n tro l curve, showed the presence of a  new th resh o ld . 
T hese ^experiments v/ex'o p e rfo rm ed  before any ce ll d iv ision  o cc u rred . 
F o r  Chinese h a m s te r  ce lle  th e smMethal repair took approximately  
1. 5 h ou rs have a 50% effect (Elkmd? Sutton-Gilbert? M oses and 
Kamper> 1967), A s e r ic a  of experim en ts  baaacl on a frac tio n a ted  
dose technique s im ila r  to  th a t u sed  by Elkind and Sutton (I960) was 
p e rfo rm ed  to in v estig a te  whether aublethal re p a ir  of UV rad ia tio n  
dam age o c c u rre d  in BHE21 CIS c e lls  as it  seem ed p o ssib le  tha t 
tra n sfo rm a tio n  by polyom a v iru s  could be enhanced as  a  re s u l t  of 
the  v ira l DMA being in teg ra ted  into the cellu lar DMA m ore efficien tly  
during  repair of DV rad ia tio n  dam age.
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(b) Method
M onolayer a of BHK21 CIS ce lls  w ere  ir ra d ia te d  a t a  dose ra te  
Zq£ 17 e rg s /m m  /seco n d . The con tro l m onolayers w ere  irradiated  
w ith U ¥ ligh t and p la ted  out with feed er ce lls  to determ ine the  
survival of colony fo rm ing  ab ility . The rem ain ing  p la tes  rece iv ed  
a dose of 136 e rg s /m m  - su ffic ien t to  low er the leve l of ce ll 
su rv iv a l to the  top of the exponential reg ion  of the su rv iv a l cu rve.
T hese  p la te s  w ere  then  incubated  a t  37^C. A fte r v ario u s  tim es  
of incubation, p la te s  w ere  rem oved  from  the  incubator, given the 
sam e g raded  do ses  of H ¥ rad ia tio n  a s  the co n tro ls , and p la ted  out 
on feed er ce lls  fo r auirvival cu rve  de te rm inationa . The con tro l 
su rv iv a l curve was e x p re sse d  as  colony form ing ab ility  re la tiv e  to 
unirradiated c a lls . The ex p e rim en ta l su rv iv a l cu rv es  were 
e x p re sse d  ae the  colony form ing ab ility  re la tiv e  to  the  colony
form ing ab ility  of c e lls  which had  rece iv ed  an  in itia l dose of
Z136 ergs/m m " .
Growth of c e lls  during  the  tim e  co u rse  of the  experim en t 
(0-24 h o u rs) was followfed by m aking ce ll coun ts , both fo r
2
u n irra d ia te d  con tro l p la te s  and p la tes  which had re ce iv ed  136 e rg s /m m  ,
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Figuve 16 shows the  nm nbor of c e lls  p re se n t in  m iirrad ia ted
2cu ltu res  and In c u ltu re s  rece iv in g  136 e rg s /m m ' during the co u rse  
of the experim ent. The number of ce lls  h as  been p lo tted  re la tiv e  
to the number present a t the  s ta r t  of the experim ent. The number 
of c e lls  present when the experim ents w ere s ta r te d  has been taken 
as one.
The low er curve in  F ig u re  16 shows the number of cello  in  the 
irradiated c u ltu re s  from  tim e %ero to  34 hours. No sign ifican t 
change in c e ll num ber w as noted during the f ir s t  16 hours a f te r  
irradiation.
The upper cu rve  in  Figure 16 shows the growth cuz*ve for the
unirradiated c e lls . It is  clear fro m  th ese  resu lts th a t the  ü ¥
rad ia tio n  cau ses  a m arked delay in the onset of p ro life ra tio n  by
BHK31 CIS ce lle .
F ig u re  17 shows the  p la ting  efficiency of BliK31 C l 3 ce lls
3which had re ce iv ed  an ir ra d ia tio n  dose of 136 e rg e /m m  ' a t  vario u s
tim es  befo re  p lating  out onto fe ed e r c e lls . The ré su lté  a r e  p lo tted  
relative to the  p lating  efficiency o f the control ce lls  which has been 
taken  a s  one. The result# show that th e re  has  been a  m arked
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in c re a se  in tlio num.ber of ce lls  which can fo rm  colonies a f te r  a  dose 
of 136 e rg o /m m ”’ by 13 honre  a f te r  the  in itia l close was given. The 
m ain  in c re a se  in p lating  efficiency  o c c u rre d  when the c e lls  w ere  
p la ted  ont betw een 8 and 13 h o u rs  a f te r  ir ra d ia tio n . The p ro c e ss  
w hich in c re a se d  the ab ility  of the ce lls  to  fo rm  co lonies appeared  to 
be com plete by 12 h o u rs  a f te r  the irra d ia tio n  aa th e re  was no 
sign ifican t d iffe rence  in  plating  efficiency betw een the ce lls  p la ted  
out 12 hou rs and 16 h o u rs  a f te r  ir ra d ia tio n . The data  in F ig u re  
16 show tha t no in c re a s e  had o c c u rre d  in the num ber of ce lls  
p re se n t in  the ir ra d ia tio n  cu ltu re s  by 12 h o u rs .
F ig u re  18 and T able 16 show the re su lts  of the  su rv iv a l cu rv es
of BHK 21 C l3 cello  which had been  given g rad ed  doses of rad ia tio n
a f te r  v ario u s  p e rio d s  of incubation a t 37^0» following an  in itia l
2rad ia tio n  dose of 136 e rg s /m m  , When the g raded  doses w ere  
given a f te r  4 h o u rs  m cubation the  su rv iva l cu rve  of the  ce lls  did 
not d iffe r sign ifican tly  fro m  the exponential p a r t  of the con tro l 
cu rve . T h ere  was no ap pearance  of a  shou lder on the  cu rv e  to 
ind icate  the re tu rn  of a  th resh o ld . When the  second s e r ie s  of 
d oses was given a f te r  8 h o u rs  incubation th e re  w ere  signs of a
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In cu b a t io n  t im e  b e fo re  
2nd UV d o se
2
( e r g s / m m  )
2
( e r g s / m m  )
C o n tro ls 106. 0 62. 8
4 h o u r s 62. 8 62. 8
8 h o u r s 78. 7 63. 2
12 h o u r s 9 4 . 0 63. 3
16 h o u r s 97. 4 66. 7
T a b le  16, ^ 3 7  v a lu e  s f r o m  F ig u r e  18,
show ing  an  i n c r e a s e  in  th e  v a lu e
d u r in g  the  r e p a i r  of s u b le th a l  d a m ag e .
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BhouXder to the  cu rve re tu rn in g . Thio shoulder w as m uch m o re
pronounced when tXie c e lls  w ere  given the second s e r ie s  of doses
a f te r  IB h ou rs incubation. By 12 hou rs  the value had
*•? (
B 2iin c re a se d  fro m  62. 8 e r g s / m m a t  4 hou rs to  94. 0 ergs/m m "*
(Table 16). T h ere  was l i t t le  d iffe rence  betw een the  su rv iv a l cu rve 
a f te r  12 hours incubation and tha t a f te r  16 h o u rs  m cubation. T h ere  
w as only a  v e ry  s lig h t in c re a se  in  the value of during the  p e rio d  
up to 16 ho u rs  a f te r  the in itia l dose of UV rad ia tio n  was given.
It would th e re fo re  appear th a t a t le a s t som e UV radiatioix 
induced sub le tha l dam age can  be ropaix^ed in BH K 21 CIS ce lls  
although tlze e x p re ss io n  of th is  re p a ir  was not seen  un til 8 houx*s 
a f te r  the in itia l ir ra d ia tio n  unctex’ the conditions u sed  in th ese  
experim ents.
8. The effect of cyclohexim ide on the su rv iv a l cu rves of BHK21 013 
and FvH!
(a) In troduction
P h illip s and T olm ach (1966) re p o rte d  tha t cyclohexim ide,
( ( /3 [ 2 (3* 5-*dimethyl*>2^oxycyMohexyl)^2*hyclroxyethyl J  g h ita rim ide)
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Sigma Chemical Company^ St. Louis, M issouri, U .S .A .), an inhibitor 
of protein synthesis, increased  survival of He La 83 cells when 
adm inistered to cultures at 8 jug/ml after irrad iation . They 
suggested that the aycioheximide might enhance a repair process, 
perhaps by inhibiting a competing p rocess by which the potentially 
lethal damage is  ordiim rily expressed In the cell.
A se r ie s  of experim ents was perform ed to determ ine whether 
cyolohexlm ide. at the concentration used by Phillips and Tolmach
(1966), would affect the survival curves of BHKEI CIS or PyH3 
c e lls  after UV irradiation* B! some form  of repair which was 
enhanced by cyoloheximide existed in these ce lls  then it was possible 
that integration of the polyoma virus genome during transform ation 
would be enhanced.
(b) Method
Cycloheximide was made up as a stock solution in ETC at a 
concentration of 8 jitg/mL Monolayers of BBKEl €13 or FyH3 
cells w ere irrad ia ted  with graded doses of UV radiation and 5 m l 
of the eycloheximide solution w ere added to each plate. Control 
plates received 5 m l of ETC. A ll the plates w ere then incubated 
at 3?^C for 3 hours.
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A t the  end of the  m eu te tio n  p erio d  the  m ono layers  w ere  w ashed 
tw ice in  ETC and then  incubated  under 5 m l f re sh  ETC fo r  30 m inute a 
to  reverse  the inh ib ition  due to  the  cyclohexlm ide. The tre a te d  cello  
w ere  then p la ted  out fo r  colony fo rnm tion  on g la ss  w ith and without 
fe ed e r c e lls ,
(c) Resxdt.a
The dosage of cyclohexim ide u sed  was not foustd to  be toxic to  
the ce lls  and hence did  no t affect the in itia l plating efficiency of the 
unirradiated control c e lls .
The re su lts  a r e  shown In T able 17, In no experim ent did  the 
su rv iv a l curve fo r cyclohexlm ide tre a te d  ce lls  differ sign ifican tly  
from  th a t obtained fo r the  untreated con tro l c e lls . T h ere  w as, 
therefore, no evidence obtained th a t cyclohe^eimkle im proved  
su rv iv a l under the conditions used in th ese  experim ents.
9* D iscuss ion.
The re s u lts  reported In th is  chapter re la te  to  the  u ltrav io le t 
rad iobiology of BHKEl CIS c a lls . The experim en ts  have been 
designed to try ,- to elucidate  the effect of UV rad ia tio n  on the ca lls
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wMch re su lte d  in  an  enhanced tran sfo rm a tio n  ra te  following in fection  
w ith polyom a v iru s .
Thé f i r s t  possib ility  to be considered  was the effect that doses 
of UV rad ia tio n  would have on the ab ility  of the ce lls  to -produce 
m te rfe ra n . De M a e y Guignard and De M aeyer (1965) showed 
th a t tT¥ ir ra d ia tio n  of r a t  c e lls  d e c re a se d  In te rfe ro n  y ie lds wMeh 
led  to the co lls  being m o re  su scep tib le  to  v ira l  infection. A llison  
(1961) showed th a t polyom a v iru s  was susceptible to  in te rfe ro n  and 
would itse lf  produce in te rfe ro n  in  m ouse c e lls . Todaro and B aron 
(1965) have shown th a t the tran sfo rm a tio n  of 3T3 c e lls  by SY40 ia 
in h ib ited  by in te rfe ro n , although SY40 does not m ultip ly  in  3T3 
c e lls . Rotom , B erw aM  and Sachs (1964) showed th a t p r im a ry  
h a m s te r  ce lls  Infected  w ith N ew castle  D isease  V irus produced  an 
interferon. T his in fo rm ation  suggests  tha t polyoma v iru s  is  
sensitive to in te rfe ro n  and th a t Interferon production  can be 
induced in  h a m s te r  ce lls  by c e r ta in  v iru se s . The re su lts  obtained 
when an a ttem p t w as m ade to induce in te rfe ro n  in BPIK 21 C l3 ce lls  
w ith polyoma v iru s  are, therefore, som ew hat su rp ris in g  in tha t no 
free in te rfe ro n  could be d em o n stra ted  in th is  system .. The re su lts
99.
suggest that polyoma v iru s  is  imaM e to induce the syn thesis  o£ 
in te rfe ro n  in BHK21 C13 ce lls  or th a t the technique u sed  w as not 
sen sitiv e  enough to  d e tec t a low lev e l of in te rfe ro n  re le a s e d  into 
the  m edium  by the ce lle . It seem s unlikely, th e re fo re , tha t UT 
irra d ia tio n  affects tra n sfo rm a tio n  by reducing interferon production.
V iral Interference, possibly due to interferon, w as seen  when 
polyom a v'iruB in fec ted  BHK.21 G13 ce lls  were Infected with EMC 
v iru s , UV radiation, at the  doses u sed  In the expcirim ents, did 
not significan tly  affect th is  interference and it  is  therefore p o ssib le  
th a t the cell© W’e re  able to  p roduce suffic ien t interferon to preven t 
som e of the BMC virus p a r tic le s  fro m  su ccessfu lly  Infecting the 
c e lls . H ow ever, l i t t le  in te rfe ro n  could have been re le a s e d  into 
the m edium  a s  i t  could nW he d e tec ted  in  the exp erim en ts  d iscu ssed  
above. It is  a lso  p ossib le  th a t som e fo rm  of interfex*ence which 
was not due to interferon could be re sp o n sib le  fo r exam ple 
com petition  for s ite s  of v ira l attachm en t o r alteration of the s ite s  
of a ttachm en t by the polyoma virus p a r tic le s .
Before studying p o ssib le  re p a ir  of UV dam age, su rv iv a l curves 
o f n o rm a l and polyom a v iru s  tra n s fo rm e d  BHIC21 C IS ce lls  w ere
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determ ined . They w ere  of the n o rm a l type d esc rib ed  fo r m am m alian  
c e lls . The values fo r the  two tran sfo rm ed  lin es  ta s te d  w ere  
sign ifican tly  h igher than  those  fo r the u n tran sfo rm ed  ce lls  under 
id en tica l exp erim en ta l conditions. T his re su lt  was in  ag reem en t 
w ith tha t of W illiam s and T ill (1966) who showed th a t es tab lish ed  
lines  of polyom a v iru s  tra n sfo rm e d  r a t  ce lls  w ere, in g en era l, 
m o re  r e s is ta n t  to X *rad iation  than  the  n o rm al r a t  em bryo ce lle  
fro m  which they  w ere  deriv ed . The reaso n  fo r the  o bserved  
d e c re a se  in  sen sitiv ity  of tra n s fo rm e d  ce lls  to ra d ia tio n  is  milcnovm 
although i t  is  p o ss ib le  th a t the siKîe of the ce lls  m ay be of im portance . 
S tokerj 0*N eill, B e rry m an  and W axman (1968) have re p o rte d  th a t 
the  polyom a v iru s  tra n s fo rm e d  BHX<.21 C l 3 ce lls  of Clone PyH3 
w ere  la rg e r  than th e  n o rm a l BHK21 C l3 ce lls  fro m  which they 
w ere  derived . The PyH3 c e lls  had tw ice the volum e of BHK21 C l3 
c e lls . The la rg e r  c e ll Qize could possib ly  help  to  sh ie ld  the  DNA 
fro m  the effec ts  of the  ÜY radiation*
The p re se n c e  of m ouse em bryo feed er c e lls  in  cu ltu res  during 
su rv iv a l cu rve dé te rm in a tio n s caused  a s ign ifican t ihcrea.se  in both 
the and the v a lu es . T his re su lt  suggested  tha t the  p re se n ce
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of feed er ce lls  im proved  the  chance of su rv iv a l of som e of the 
ir ra d ia te d  ce lls  and m ight be analogous to a  sy s tem  d esc rib ed  by 
D elaporte  (1956) fo r ra d ia te d  b a c te r ia . He re p o rte d  th a t c e ll 
d iv ision  was m ore lik e ly  to o ccu r in  an i r ra d ia te d  population of 
gB cherich ia  coll B if  the  c e lls  w ere  tigh tly  grouped on an  ag a r  
a ttrface . This phenom enon w as te rm e d  ^hieighbour restoration**. 
A d ler, F ish e r , H ard ig ree  and S tapleton (1966) con firm ed  th is  
resu lt and extended the findings to UV ir ra d ia te d  b a c te r ia . They 
found th a t an  e x tra c t of the b a c te r ia  had  the sam e effect and concluded 
th a t i t  w as due to  a d iffusib le  substance  leaking fro m  groups of c e lls  
and  stim ulating  ce ll d iv ision .
In m am m alian  ce ll sy s tem s , Iso la ted  ce lle  have a low p robab ility  
of p ro life ra tio n  in  cu ltu re . A h igher p roportion  of such ce lls  can 
p ro life ra te  in the p re se n c e  of le a d e r  ce lls  (Fuck and M arcus, 19SS).
It ap p e a rs  th a t a  fe ed e r effect in both b a c te ria  and m am m alian  ce lls  
can  s tim u la te  ce ll d iv ision  in  rad ia tio n  dam aged c e lls .
One possib le  way by which th is  feed er effect might w ork in  the 
p re se n t sy s tem  ia by m etabo lic  co-^operation # a  p ro c e ss  whereby 
the. m etabo lism  of c e lls  in  con tac t is  m odified (perhaps contro lled)
102.
Hby Bxch&ngf^ of m a te r ia l  (Subak-Sliarpe» B urk aad  F itts , 19&6* I960).
Those w o rk e rs  have found tha t when ce lls  of a  genetic  v a r ia n t of the
BHK 21 line  which lack  inosin ic  py r  o%)ho e phor y la  e e ac tiv ity , and
th e re fo re  cannot n o rm a lly  in co rp o ra te  ' H hypoxanthine, w ere
grow n in  m ixed cu ltu re  w ith BHKEl c e lls  having inosin ic  pyrophospho^»
ry la e e  ac tiv ity , they  could, when in  con tac t w ith the  c e lls  p o ssess in g
3inosin ic  pyrophosphory laee ac tiv ity , in co rp o ra te  H hypoxanthine 
It is  th e re fo re  p o ss ib le  that, in  the p re se n t system , the feed er c e lls  
m ight. In exchanging m a te r ia l  w ith the BV ir ra d ia te d  ce lls  a s s is t  
the  UV ir ra d ia te d  c e lls  in th e ir  re c o v e ry  fro m  the effects  of the  
rad ia tio n .
It is  w ell e s tab lish ed  th a t chrom osom es a r e  the p rin c ip a l ta rg e t  
for rad iation* induced  lo ss  of p ro life ra tiv e  ab ility  of m am m alian  c e lls . 
It m ight th e re fo re  be expected  tha t su rv iv a l cu rv es  would be affected  
by changes in the  ch rom osom al com plem ent. M oat of the w ork on 
th e se  lines  h as  been c a r r ie d  out with X *radiation  and the re su lts  
have, fa llen  into two ca te g o rie s . T ill (19^1) and L ockart, E lkind 
and  M oses (1961) have re p o rte d  th a t th e re  is  no sy s tem atic  change 
in  the su rv iv a l cu rv e  w ith in c reas in g  chrom osom e num ber. However,
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Bilini and H ornsey  (1962) and B e rry  (1963) have re p o rte d  an in c re a s e  
in the  shou lder &i the su rv iv a l cu rv e  w ith  little  change in slope. The 
r e s u l ts  in  the p re se n t study when 4n BHK21 ce lls  w ere  i r ra d ia te d  w ith 
UV rad ia tio n  app ear to fa ll in to  the la t te r  category* T here  was an 
in c re a s e  in the  value w ith only a sligh t in c re a se  in  the value.
T his in c re a se  in  the value w as m ore) pronounced when the su rv iv a l 
cu rve  was d e te rm in ed  in  the ab sen ce 'o f feeder c e lls .
These resu lts suggested th a t the  am ount of sub lo thal dam age 
th a t could be ab so rb ed  fey the ce lls  was g re a te r  in  the 4n BHK 21 ce lls  
than  in  the BHK21 CIS cells.. It i s  possib le  th a t the e x tra  ch rom osom es, 
and hence the  e x tra  DMA, cause  m o re  duplication of the  in fo rm ation  
in th e  DHA* Therefore m ore ta rg e ts  would have to be d estro y ed  by 
th e  UV ir ra d ia tio n  before the ce lls  were prevented from  further 
division*
Once the e x tra  sub lethal dam age had  been absorbed the 4n 
BHIC .21 ce lls  w ere p rev en ted  from  further growth^at approssim atoly 
the sam e inactivation  # # e  as the diplo id  BHK21 CIS c e lls . The 
values suggest th a t the accum ulation  of le th a l dum%age is  not markedly 
affec ted  by the  presence of the e x tra  chromoeomeB.
104.
The values fo r the  4b B H E 2I ce lls  suggest th a t the h ig h er 
Dg value©, obtained fo r the FyHS cell©, com pared  with tlioce obtained 
fo r the  BHK21 €13 c e lls , w ere  %%0t  due e ith e r  to  any d iffe rence  in  the 
am ount of DMA in  the  tra n s fo rm e d  c e ll o r  to  a  la rg e r  ta rg e t  s is e .
The g re a te r  re s is ta n c e  to  the effec t o f tJY ir ra d ia tio n  ©howit by the 
PyHS cell© m u st be a  p ro p e rty  which the cell© ac q u ire  som etim e 
a l te r  tra n sfo rm a tio n  by polyom a virus*
A ttem pts to  produce linoB  of BHIC. 31 C l 3 cell© which w ere  
re s is ta n t  to  ÜY ra d ia tio n  and to  tra n s fo rm  celle  by H ¥ rad ia tio n  
alone both failed. R epeated  dose© of H ¥ rad ia tio n  did not aignifi* 
■cantly affec t su rv iv a l curve© and no signa of transform ation w ere  
observed* T h ese  reeulte d iffe r fro m  those  obtained by o ther 
w orkers fo r X # irrad ia tio n  of m am m alian  c e lls . Balmuî^lianov, 
Yefimov and K leinbock (1967) obtained  ra d io * re s is ta n t strain© of 
Ehrlich a sc ite s  c e lls  by re p ea ted  ir ra d ia tio n  of the  ce lls  and 
B or ok and  Sacha (1966) have re p o rte d  transform ation of fre sh ly  
iso la ted  h a m s te r  embryo ce lls  fey a  sing le  dome of X *radiation .
There ha© been no report of BHIC El €13 cell© feeing tra n s fo rm e d  
by e ith e r  X#radiation or chem ica l carcinogens. The negative
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re s u lt  obtained fo r tra n s fo rm a tio n  in  v itro  by 0 ¥  ligh t alone naight be 
explained by re fe re n c e  to  w ork in  vivo* Blum  (1959) found th a t the  
p ro c e ss  of ca n ce r induction in m ice  by IT Y ligh t was cum ulative.
He found th a t re g u la r ly  re p ea ted  dose© of ÜY ra d ia tio n  m u st be 
given o ver se v e ra l month© b efo re  cancer© ap p eared  a t the  c ite  of 
ir ra d ia tio n . The tim e  re q u ire d  to produce tumom*s was in v e rse ly  
re la te d  to  the  sq u are  ro o t of the dooe and d ire c tly  re la te d  to the 
sq u are  roo t of the in te rv a l betw een doses* The cum ulative effect 
of ÜY rad ia tio n  in  the  m alignan t tran sfo rm a tio n  of cell© Buggeots 
th a t som e tim e  m ay have to  e lap se  befo re  the  m alignan t tran sfo rm *  
ation  could be ex p re ssed .
P ho to reac tiva tion  of ÜY ir ra d ia te d  BHK31 GIB ce lls  could not 
be dem on stra ted . T h is  re s u lt  was in ag reem en t with the conclusion  
draw n by C leaver (1966b) fo r m am m alian  c e lls . It ia  p robab le  tha t 
photQi"©activation does not o ccu r in  m am m alian  ce lls  although i t  has 
been re p o rted  in  v e r te b ra te  c e lls  # fo r  exam ple, R egan and Cook
(1967 ) d em o n stra ted  pho to reactiva tion  in  a  line  of fish  c e lls . Cook 
and M cG rath (1967) fa iled  to  de tec t any pho to reactiva ting  ensym e in  
a  v a r ie ty  of m am m alian  t is su e s  and  it  is  profeaMe th a t th is  eniaymo 
is  ab sen t fro m  m am m alian  c e lls .
i0 6 .
The imterpretatioxi oi the resiilta obtained when split dose 
experim ents were perform ed to m easure the rep a ir of UY radiation  
induced suMothaX damage-in BEK 21 C13 c e lls  was difficult. One of 
the main problem s is that som e surviving cells may divide during 
the tim e interval necaseary  to perform  these experim ents. M  the 
p resent re su lts  there did not appear, however, to he sufficient 
proliferation hy 12 hours after the in itial dose to account fo r the 
two*fold r ise  in plating efficiency observed at this tim e. The main  
in crease  in the value &>r had also occurred by 12 hours * that is, 
a clearly  defined shoulder had appeared in the survival curve of the 
cells receiving the second dose.
The resu lts  im ply that soma repair of suMethal damage had 
occurred during the tim e course of the experim ent. There is  now 
evidence suggesting that repair replication of 0Y  radiation damage 
occurs hut the evidence applies .mainly to human cells . Cleaver and 
Pain ter (196?) and DJordjevic and Tolmach (1967) have dem onstrated  
rep a ir replication** in HeDa cells which, unlike norm al semi* 
conservative replication, was not inhibited by hydroxy*urea.
Regan, Troeko and C a rrie r  (1968) have shown that about 50% of
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the  Ü ¥ rad ia tio n  induced py rim id ine  d im ers  w ere  lo s t from , the DMA 
of hum an call© and found in  the  TCA*eolufele Iractioxr w ithin 24 h o u rs  
of the  ir ra d ia tio m  Although T roako, Chu and C a r r ie r  (1965), S tew ard  
and H um phrey (1966) and T roako  and ICaeaclmu (196?), have been ab le  
to  d em o n stra te  p y rim id ine  d im e rs  in  C hinese h a m s te r  c e lls , they have 
not been  ab le  to  dem onstrate lo ss  or *’excision** of the  d im e rs  from  
the DMA. Hov/aver, caffeine io known to inh ib it d im er exc ision  in 
b a c te r ia  (Setlow and C a r r ie r ,  196?) and Rauth (196?) h as  suggested  
th a t th e re  is  a caffeine sen s itiv e  r e p a ir  m echanism  in m ouse c e lls  
analogous to  d a rk  re p a ir  in  b a c te r ia , R asm us eon and F a in te r  (1966) 
have re p o r te d  th a t s e v e ra l  line© of m am m alian  c e lls  a lso  show non* 
sem ico n se rv a tiv e  re p lica tio n  a f te r  ir ra d ia tio n . The p re se n t result©  
suggest th a t a  r e p a ir  system , a t  le a s t  for suM ethal dam age, ex ists  
in BEK21 013 c e lls .
A s e r ie s  of ex p erim en ts  w as p e rfo rm ed  to Investiga te  w hether 
cyclohexim ide would affect Üto re p a ir  of 0 ¥  induced dam age in 
BHXiEl €13 c e lls . The in c re a se d  au rv ivako f % * irrad ia ted  HeLa 
S3 c e ils  a f te r  tre a tm e n t w ith cyclohexim ide, re p o rte d  by FM llipe 
and Tolm acli (1966) o c c u rre d  in  synchron ised  c e ll ou liu rea . The
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p re se n c e  of the drug  had  l i t t le  effect on th e  c e lls  % # irrad ia ted  in the  
p a r t  of the  c e ll  cycle but the  effec tiveness of the  tre a tm e n t had  
in c re a se d  sign ifican tly  by the  end of O. and its  g re a te s t  effect was 
on ce lls  X*irradiated in the  e a r ly  and m iddle phases  of 8. Its  
effec t on ce lls  in  the  la t te r  po rtio n s of the ce ll cyc le  w as not 
determ ined.
The ce lls  u sed  in  the p re se n t study w ere aeynchronous and 
ir ra d ia te d  w ith 0 ¥  ligh t. H ow ever, i t  is  p robab le  th a t th e re  
would have been  enough c e lls  in the  s tag es  which P h illip s  and 
Tolm acli (1966) reported as being affected by the cyclohexim ide 
to  have had som e effect on the survival curve m. Mo such effect 
was observed. The present resu lts suggest th a t oyclohexim lde 
does not affect c e lls  irradiated with ÜY ligh t in the way re p o rte d  
by P h illip s  and Tolmach (1966) for th e  X * irrad ia ted  ce lle .
T h ere fo re , a  r e p a ir  system , sen sitiv e  to  cyclohexim ide tre a tm e n t 
w as unlikely  to  be responsible for the  enhanced tra n sfo rm a tio n  ra te  
of polyom a virus In fec ted  BHIC HI €13  c e lls . P o ss ib le  m ech an ism s 
to explain  the observed enhancem ent of the  tran sfo rm a tio n  ra te  when 
BHK3I 013  ce lls  w ere in fec ted  w ith polyom a virus w ill fee d iscu ssed , 
in the ligh t of the  findings in  th is  ch ap te r, in  the  G enera l D iscussion .
C H A P T E R  VI
GENERAL DISCUSSION
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ïn C hapter lY i t  was shown tlm t ÜV*irra d ia tio n  of BHK21 C IS 
c e lls  m ade them  m o re  sen s itiv e  to  tram eform ation h j  polyom a v iru s , 
and in  C hap ter V som e s tud ies on the u ltrav io le t radiobiology of 
BHK 21 C l 3 ce lls  w ere  re p o rted . Although the  re s u lts  re p o rte d  
in  C hap ter V did not point d ire c tly  to  a  m echan ism  by which the 
BHKHl C l 3 c e lls  w ere  sen sitised  to tran sfo rm atio n , they  did 
exclude a num ber of p ossib le  m echanism o.
The enhanced tra n s fo rm a tio n  ra te  could not have been due to the 
selection  of pro*existing, g ene tica lly  susceptib le c e lls . If 
genetically susceptib le ce lls  w ere se lec ted  for, then their  
sen sitiv ity  to  transform ation should rem ain indefin ite ly  a f te r  
ir ra d ia tio n . T his was not so as  the resu lts showed that any 
enhancing effect w as loo t when the ce lls  w ere I r ra d ia te d  m o re  than 
24 h o u rs  befo re  infection .
It w as p ossib le that, synchronisation of the c e lle  by 0Y  ra d ia tio n  
could have led  to  an enhanced tran sfo rm a tio n  ra te  as B asilico  and 
M arin  (1966) re p o rte d  th a t BHKHl CIS c e lls  becam e m o re  su scep tib le  
to tra n sfo rm a tio n  by polyom a v iru s  w ith the  p ro g re ss io n  of the ce lls  
th rough  in te r  phase , reach ing  a  m axim um  In Although th e re
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ap p ear to  be no re p o r ts  suggesting  th a t 0Y  ir ra d ia tio n  can  lead  to
ce ll synchrony, H arring ton  (I960) and W hitm ore, S tan n ers , T ill
and Gulyas (1963.) have reported th a t th e re iis  a block in the  c e ll
cycle  a t the end of the G_ phase a f te r  3C*irradiation of m am m alian
c e lls . Y am ada and Buck (1961) and Whitmore, S taim ers, T ill and
Gulyas (1961) have re p o rte d  th a t when m ito tic  f ig u re s  ap p ear in  an
% #irrad ia ted  population o r  when c e ll d iv ision  recom m ences, th e re  m ay
ho a  tra n s ie n t overshoot in the ra te  of en try  of ce lls  into mitoMo or
division leading to a  sm a ll deg ree  of synchrony in th e  population.
If either a  block in o r  synchrony occurred after ÜV irra d ia tio n
then  the  enhancem ent of the  tra n sfo rm a tio n  ra te  could be due to  the
c e lls  feeing held  in  th e  phase  in  which they a re  m o st susceptible to
tran sfo rm a tio n  fey polyom a v iru s ..
Cleaver (1965) h as  re p o rte d  a  block in  the  phase a l te r  UV
ir ra d ia tio n  in  m ouse D c e lls . H ow ever he u sed  v e ry  la rg e  doses
Zof rad ia tio n  * a  minimum of 240 erg s/m m  . When low er closes of 
U ¥ radia,tion a r e  given, no such block has  been seen  (Hum phrey,
Dewey and C ork, 1963; B Jordjevio and Tolm ach, 196?).
D jord jev ic and Tolm aoh (196?) used  He La. S3 c e lls  amd doses up to
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270 o tg B /m m  (maKimum enhancem ent in  the p re e e n t study o c c u rre d
Ea t approx im ately  60*80 e rg s /m m  ). They found th a t th e se  doses 
only iuhiM ted DMA sy n th esis  and did not delay the ce lls  im T his
re s u l t  was co n s is ten t with th a t re p o rte d  by H um phrey, Dewey and 
C ork (1963) fa r  C hinese h a m s te r  c e lls .
As no G_ block o cc u rs  w ith low doses of IIY  rad ia tion , the  
c e lls  in  the p re se n t study would not be held  in th is  phase  fo r a  longer 
than normal period and p ith era fo re , the p erio d  when they  w ore m ost 
su scep tib le  to  tran sfo rm a tio n  by polyom a v iru s  would not fee extended, 
S im ila rly , in the  absence  of a  block in  the c e ll cycle , th e re  would not 
fee any synchronous d iv ision  and hence th is  a lso  could not foe the 
cause  of the  o b se rv ed  enhancem ent of transform ation*
The p re se n t r e s u lts  could, foe explained if  0 ¥  rad ia tio n  had som e 
inh ib ito ry  effect on th e  p ro te in  syn thesis  of the  BH.KZ1 CIS ce lls  
leading to  an enhancem ent of the tra n sfo rm a tio n  ra te . M arin  and 
B asilico  (1967) have re p o rte d  tha t purom ycin, a t a  concen tra tion  of 
caused  a  d ra s t ic , but fu lly  re v e rs ib le , inhibition of p ro te in  
sy n th es is  in  BHKEl C l3 c e lls . A  two to  th re e  fold enhancem ent of 
the  polyom a v iru s  induced tran sfo rm a tio n  ra te  was ob tained  when
112 .
the ce lle  w ere  exposed to  pui’om ycia fo r a p e rio d  of 5 h o u rs , s ta r t in g  
a t the end of the v iru s  ad so rp tio n  p eriod . No tran sfo rm a tio n  enhance­
m en t was o b serv ed  when the c e lls  w ere  exposed to  the drug, prior to 
infection. Kl^mek and Y îaâiaovâ (1967), how ever, have shown th a t
the  ra te  of p ro te in  syn theaia  m  I, ce lls , aa  m e a su re d  by incorperatiom
14 3of G*d, 1 «valine and H *l*lysine, was not influenced by up to 200
Ze rg s /m m  during the  3 hour p e rio d  a f te r  the ir ra d ia tio n  which they 
studied.
The re su lts  re p o rte d  above a lso  # iow  th a t am enhancing effect 
only o c c u rre d  when the  c e lls  w ere  ir ra d ia te d  befo re  the v iru s  w as 
added and th a t th is  effect w as soon lo s t when the  ce lle  w ere  irradiated  
a f te r  in fection . T h is  was the exact opposite to  th e  conditions reported  
by M arin  and B asil!co  (1967) fo r  an  enhancem ent due to an inhib ition  of 
protein syn th esis  by purom ycin .
In te rfe ro n s  a r e  p ro te in s  and hence, although la rg e  doses of 0V 
rad ia tio n  can d e c re a se  y ie ld s of in te rfe ro n  (C ogniaux-Le C le rc , Levy 
and  W agner, 1966), the  doses u sed  in the  p re se n t experim en ts  w ere  
low er than those re p o rted , by K lim ok and Y lasinova (1967), to  have 
no effect on p ro te in  syn thesis  in Xs c e lls . The re s u lts  obtained when
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am in te rfe ro n  a s sa y  w as p e rfe rm e d  allowed that the a m o m t of f re e  
in te rfe ro n  produced  by BH K 2I G13 ce lls  was undetectable* T h e re ­
fo re , because of the low ÜV ra d ia tio n  doses u sed  in  the  experim en ts  
and the Im significant am ount of f re e  in te rfe ro n  produced  by the BHK 21 
C l 3 c e lls  > an  inhib ition  of p ro te in  syn thesis  a n d /o r  inh ib ition  of 
in te rfe ro n  syn thesia  w as unlUxely to foe re sp o n sib le  fo r the  ob serv ed  
enhancem ent of the tran a fo rm a tio n  rate*
A nother hypo thesis  ia  tlm t som e fo rm  of DMA re p a ir  m echan ism  
m ay  foe involved in  the  enhancem ent of the tran sfo rm a tio n  ra te .
T h ere  a r e  now a  num ber of re p o r ts  suggesting th a t n o n -sem ico n se rv a tiv e  
r e p a ir  cam o ccu r in  0 ¥  ir ra d ia te d  m am m alian  c e lls . M ost of th ese  
r e p o r ts  a r e  concerned  w ith human c e lls  (R asm ussen  and F a in te r ,
1964, 1966; C leav er, 196?; B Jordjevic and Tolmach, 1967;
Regan, T rosko  and C a r r ie r ,  1968). However, R asm u ssen  and 
F a in te r  (1966) have re p o rte d  th a t s e v e ra l lines of m am m alian  ce lls  
show n o n -sem ico n se rv a tiv e  re p a ir ,  although in  som e of the  c e ll  lines 
which they te s ted , the p re se n c e  of S -brom odeoxyurid ine in the  DMA 
w as re q u ire d  befo re  the  r e p a ir  could foe d em o n stra ted  by au to rad io ­
graphy .
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T\m> re p o r ts  m ay have a bearing  on  a  p o ssib le  m echan ism  by 
w hich viral transformation m ight be enhanced a f te r  0V  ir ra d ia tio n  
of .the cells* One, by W estphal and Dnlbecco (1968), showed th a t 
polyom a DNA ia  p re se n t in  polyom a v iru s  tra n s fo rm e d  lin es .
T hese  ranged  from S to  ? for polyom a v iru s  DNA equivalen ts.
They w ere  a lso  ab le  to  show th a t the v ira l  DNA w as loca ted  in the 
nuc le i of th e  c e lls . It is  v e ry  p robab le  that tîiis v i r a l  DNA ia 
Integrated into the DNA of the ce ll. The o th er, by Dulfoecco, 
H artw ell and  Vogt (1965); W eil, M ichel and E uachm an (19&5); 
Winocour, Kaye and  S to lla r (1965) whowed that polyom a virus can 
induce the synthesis of c e llu la r  DNA after DNA synthesis in normal 
cells has been repressed by con tac t inhibition o r  by a  very la rg e  
dose, up to 000 %% of X*radiation (Gershcm, H ausen, Sachs 
and WInocour, 1965; Gershorn, Sachs and W inocour, 1966).
Hsing the information which h as  been d e sc rib ed  in the p reced ing  
p a rag rap h , i t  i s  possible to put forward a  hypothesis by which trans­
formation of BHKEÎ Cl 3 c e lls  m ay foe enhanced by p r io r  ir ra d ia tio n  
of the. c e lls  with 0V  light* It i s  assumed that, for tran sfo rm a tio n , 
a l l  o r  part of the viral DNA m u st foe in teg ra ted  into the c e llu la r  DNA.
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The v iru s  p a r tic le  would be ad so rb ed  to and e n te r  the c e ll in the 
n o rm a l way* A fte r uncoating, the  v ira l  DNA m u st m ove into the 
nucleus so th a t It can com e Into contact w ith the DNA of th e  cell*
H th is  DNA has been  dam aged by ÜY rad ia tio n  and som e fo rm  of 
re p a ir  la tak ing  p lace , then it  Is possib le th a t th e re  w ill be m o re  
s ite s  in  the c e llu la r  DNA a t which the v ir a l  DNA could be in co rp o ra ted . 
I t  could w ell be in co rp o ra ted  into a s ite  w here the BHA of the ce ll, 
dam aged by the UV rad ia tion , h as  been cut out p re p a ra to ry  to  the 
replacem ent of the  dam aged nucleotide© by new  nucleo tide a* 3h 
effect, a sequence of nucleo tides from  the polyom a v ir# l DNA 
would be incorporated In place of the  new nucleotides which would 
norm ally have been in co rp o ra ted  during  re p a ir .  (It is ,  however, 
d ifficu lt to  v isu a lise  In co rpo ra tion  occurring In th is  way unless  
there .are specific  s ite s  on the cellu lar DNA where a  Mgh degree  
of base p airing  can occur m th  the v ira l  DNA), A H gase would 
probably be n ecessary  fo r closing the  final gap betw een the 3 
hydroxyl and the S phosphate* A ligaae with th is  ability to catalyse  
th e  re p a ir  of ’hiicked” DNA h as been purified fro m  II. co ll by G eftar, 
Becker and Etowitsg; (1967). They suggest th a t thm  enzym e m ay p lay
an im p o rtan t ro le  in th e  re p a ir  of rad ia tio n  dam aged DNA, as  the  
en ay me ac tiv ity  is  present in  a^olatively high concentration s in  those  
ra d ia tio n * re s is ta n t b a c te r ia l  s tra in s  which have been te s te d . F . 
B eard  {personal com m unication) ha© som e p re lim in a ry  evidence 
euggeating tha t a  ligaao  exist© in  m am m alian  ce lle . He Ima found 
such an  enmyme in  polyom a v iru s  in fec ted  moiBo ce lle .
The a lte ra tio n  in  the  c e llu la r  DMA due to  th e  inclusion  of the 
v ira l  BHA couM then  be fixed  by the  doubling of the DMA which ia  
s tim u la ted  by the  v iru s . Thu© the  o bserved  enhancem ent of the 
transform ation rate of BHE21 CIS cell© a f te r  UV irradiation could 
be a re su lt  of in co rp o ra tio n  of the v ir a l  DMA during  re p a ir  rep lica tio n  
in the  DMA of c e lls  dam aged by the IIY rad ia tion .
Although i t  is  possib ly  dangerous to ex trap o la te  result© fro m  
b a c te r ia  to m am m alian  ce lls  i t  I s  of in te re s t  th a t Jacob  (1954) and 
F raser  (1957) have reported th a t 0Y  ir ra d ia tio n  of b a c te r ia  befo re  
infection w ith bacteriophages A and TS can lead  to  an m c re a se  in 
the  frequency  of host#range m utan ts . It is  p o ss ib le  th a t th ese a ro se  
by a p rocess of recom bination betw een the infecting b acteriophages 
and the  genom e of the bacterial host c e ll (Stent, 1958).
UT*
One problem  concerned with this hypo the sis  is  an apparent 
discrepancy between the tim e taken lo r rep a ir to occur and the tim e 
a lte r  irrad ia tion  daring which the cells cam be infected with polyoma 
virus without loss of the enhancement of the tran sfo rm a tio n  rate#
The only fo rm  of r e p a ir  which has  been d em o n stra ted  ia aublethal 
re p a ir  of IIV dam age and th is  o c c u rre d  w ithin 12 h o u rs  a l te r  the  
Irrad iation#  An enhancem ent of the tran sfo rm a tio n  ra te , how ever, 
w as s t i l l  o b serv ed  when the  c e lls  w ere  ir ra d ia te d  24 h o u rs  befo re  
infection  with polyom a v irus.# U nfortunately l i t t le  Is known about the 
r e p a i r  of rad ia tio n  dam age in  m am m alian  ce lls  but i t  is  p o ss ib le  th a t 
re p a ir  m ay continue in  the  UV rad ia tio n  dam aged c e lls  fo r long periods. 
F o r  exam ple, Ragan, T rosko  and C a r r ie r  (1968) have re p o rte d  tha t, 
in  hum an ce lls , app rox im ate ly  50% of the pyrim id ine  d im e rs  fo rm ed  
lifte r IIY rad ia tio n  of the c e lls , w ere  lo s t a f te r  I2 - Î4  houpf,. They 
could not d em o n stra te  the  rem o v a l of fu r th e r  d im er a# It is  th e re fo re  
possib le  tha t th is  ap p aren t d iacrepanoy  m ay be due to  r e p a ir  con­
tinuing, -poesibly a t a  slow er ra te , fo r  considerab ly  longer than  the 
12*16 hour p e rio d  o b serv ed  in  the  re p a ir  of sublafchal damage* 
it hue been re p o rte d  th a t a. high p roportion  of polyom a v iru s
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in fected  BHK21 CIS ce lle  a r e  "abo rtiv e ly "  tra n e lo rm e d  (Stoker, 1968). 
It w  posaiM e th a t th is  could be due to  the v ira l  DNA failing  to  becom e 
in teg ra ted  into the  c e llu la r  DNA and tha t both 2£*radiation and UV 
rad ia tio n  give the  v i r a l  DMA a g re a te r  chance of becom ing in teg ra ted  
in to  the c e llu la r  DNA and th e re fo re  cause  m o re  of the "abo rtive ly"  
tra n s fo rm e d  ce lls  to show fu ll tran sfo rm a tio n .
The hypothesis th a t the repair of rad ia tio n  dam age can  a id  
in teg ra tio n  of the v ira l  genom e, although attractive, has, a t p re se n t,
TO evidence to  support it# It ie  probable tha t tMe hypothesis w ill 
only foe proved, or disproved, when the repair of radiation dam age 
in  mammalian c e lls  is  c le a r ly  understood a.t m o lecu la r lev e l. One 
conclusion which can be drawn from  the w ork reported above, how ever, 
i s  th a t a  syn ergistic  effect can ex ist between UV rad ia tio n  and 
oncogenic v iruses#  T his fa c to r m ay w ell foe of im po rtan ce  in the 
u ltim a te  imdermtanding of th e  cause  of skin ca n ce r in people exposed 
to  high lev e ls  of sunlight.
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The roXe played by v iru se s  and  rad ia tio n  in  the etio logy of ca n ce r 
is  reviewed* The iso la tio n  and p ro p e rtie s  of one tum our causing  
v iru s , polyom a v iru s , a r e  d esc rib ed .
When BEK 21 C l 3 c e lls  w ere  ir ra d ia te d  with low doses of u l t r a ­
v io le t light befo re  in fection  with polyom a v iru s  an  enhancement of the 
tra n sfo rm a tio n  ra te  w as observed. A tw o-fold  r i s e  In the proportion
of tra n s fo rm e d  co lonies to  n o rm a l co lonies w as found a l te r  a  rad ia tio n
?dose of 100 ergs/m m '^* T his ir ra d ia tio n  dose w as suffic ien t to  low er 
th e  p lating effic iency  of the c e lls  by approx im ately  4S%.
A m ethod w as developed by which the  r i s e  in  the  p ro p o rtio n  of 
tra n s fo rm e d  c e lls  could be m o re  adequately  observed* T his m ethod 
involved the  delayed  p lating  of ir ra d ia te d , in fec ted  ce lls  in  ag a r 
suspension  m edium .
BBK21 C l 3 ce lls  which w ere  i r ra d ia te d  up  to 24 hours b efo re  
in fection  with polyom a v iru s  did no t show lo ss  of the  tra n sfo rm a tio n  
enhancdment* Ho asihancem ent was observed , how ever, when the  
c e lls  w ere i r ra d ia te d  four o r  m o re  ho u rs  a f te r  infection* The 
ir ra d ia tio n  doses u sed  did not sign ifican tly  affect the tran sfo rm in g  
ab ility  of the v iru s  p a r tic le s .
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The re e u lts  obtained when experim en ts  w ere  p e rfo rm ed  to  te s t  
the  effect of u ltra v io le t ra d ia tio n  on the intaa-foron syn thesising  
capacity  of the c e lls  suggested  th a t reduced  syn thesis  of in te rfe ro n  
w as not the  m echan ism  by \vMch tran sfo rm a tio n  enhancem ent o c c u rre d . 
Surv ival cu rv es  w ere  d e te rm in ed  fo r BHK21 €13 c e lls  and two 
lin es  of polyom a v iru s  tra n s fo rm e d  BHK21 C l 3 c e lls . The cu rv es  
obtained w ere  of the n o rm a l "C " form* The tra n s fo rm e d  ca lls  w ere  
found to be m o re  re s is ta n t  to u ltrav io le t ir ra d ia tio n  than  the  u n tran e - 
fo rm ed  c e lls . A ll c e ll  lin es te s te d  showed a  g re a te r  re s is ta n c e  to 
u ltrav io le t Irra d ia tio n  when p la ted  out fo r colony fo rm ation  intb.e 
p re se n c e  of m ouse-em bryo  fe e d e r-c e lls , C yclohexim ide, an  inh ib ito r
of p ro te in  sy n th esis , d id  n o t sign ifican tly  affec t the  su rv iv a l curves* 
F h o to reac tlva tion  of u ltra v io le t rad ia tio n  induced dam age could 
no t be d em o n stra ted  in  BHK21 C l3 c e lls . R ep a ir of u ltrav io le t 
rad ia tio n  induced sub le thal dam age in  BHKBI €13 cell© was dem on­
s tra te d  by a  sp lit  dose technique, although the ex p ress io n  of th is  
re p a ir  was not o b serv ed  un til 8 h o u rs  a f te r  the in itia l ir ra d ia tio n .
Transformation of BHIC.24 C l 3 ce lls  by u ltra v io le t irradiation  
alone could no t be d em o n stra ted .
The re s u lts  a r e  d iscussed  w ith re g a rd  to  a  p ossib le  m echanism  
fo r  the observed enhancement of tran sfo rm a tio n .
C H A P T E R  V I I I .
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